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FREDERICK  C. 

Colonel  USAF 

Chief,  Structures  Division 


.  -.Thl0  ?r?gr?f1  is  an  ext®nsion  of  the  X-20  (Dyna-Soar)  structural 
onIni0pm^nK.  area  of  111611  temperature  windows.  The  program  was 

L  TorP  ^  the  Air  Force  Flight  Dynamics  Laboratory  fAFFDL),  Research 

AiI  Fo”e  Syateras  Command,  United  States  Air 
'  w  i^!;ly  listed  under  Project  Number  620A,  Task  Number  620A 

2CM-  P^L?1h  va3  “complished  under  Contract  AF  33 (615 J. 

2013,  Project  Number  1368j  Task  Number  136802,  'Window  Systems  Concepts" 

bv  Th^V^  Wlnd°T  Mserably  of  an  X-20  (Dyna-Soar)  was  fabricated 
B/A^Ollt  A*rosP“e  Vision,  Seattle,  Washington  under 

Vibration,  air,  and  thermal  load  tests  were  acconrolished  bv 
the  Structures  Test  Branch  (FDTT)  at  Aim,  Wright-Patterson^FB,  Ohiof 

0f  the  series  was  conducted  on  20  January  1965  with 
occurring  on  2  April  1965  during  Test  No.  3  whe7the  window 
failed  during  heating.  The  tabulated  data  on  all  tests  performed  are 

Bran0h  (FMT)'  ^  Boeing6 


ABSTRACT 


This  document  presents  the  results  of  testing  an  X-20A  (Dyna-Soar) 
high  temperature  side  window  assembly  under  vibration,  air,  and  thermal 
loading* 

The  purpose  of  this  program  was  to  experimentally  verify  the  X-20A 
side  window  assembly  and  provide  experience  for  improved  window  design. 

The  objective  of  this  program  was  to  verify  the  structural  integrity  of 
an  X-20A  high  temperature  window  design  in  the  X-20A  flight  environment 
ana  provide  test  data  to  evaluate  the  design  analysis  and  development 
procedures  utilized. 

The  X-20  side  window  provides  pilot  vision  throughout  all  phases  of 
flight,  and  is  exposed  to  all  flight  environments.  The  side  window  is 
triangular  in  shape  (28  inches  by  2k  inches  by  16  inches)  with  rounded 
comers.  The  window  assembly  includes  three  separate  glass  panes  of 
fused  silica,  seals  fabricated  from  Hastelloy-X  wire  mesh  with  foil 
covering.  Superalloy  Rene*  1*1  mounting  springs,  fairing,  and  frame. 

The  window  was  subjected  to  a  low-level  boost  vibration  environment, 
limit  boost  pressure  of  -7  pounds /inch2  (gage)  and  a  simulated  re-entry 
heating  time -temperature  history. 

The  window  failed  during  the  re-entry  temperature  cycle.  The  primary 
cause  of  failure  was  the  high  temperature  gradient  through  the  depth  of 
the  window  frame  of  approximately  8^0Op  which  exceeded  by  a  factor  of  2  the 
ultimate  design  value.  The  extreme  thermal  gradient  caused  thermal  curvature 
of  the  window  frame  which  induced  glass  curvature  in  excess  of  allowable. 

Measured  temperatures  and  deflections  are  presented  and  compared  with 
analytical  values.  A  thermal  analysis  is  presented  and  compared  with  test 
values.  Deficiencies  of  the  X-20  window  design  as  determined  from  the  test 
program  are  pointed  out  and  suggested  methods  of  improvement  are  given. 
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1  INTRODUCTION 

1.1  GENERAL  DESCRIPTION 

window,  require  thnwlmS^ir  '*  Tl*  tkree  forward  facing 
ejecteble  18  proTidea  *  an 

welocitle.  betve.nlS7.nd £U°£»?  ITT*  ■* 

approach  and  landing.  The  left  and  ih -S?.**?8.*1*  pllot  to  *  ▼laual 
vision  throughout  all  phLees  of  fliaht^n^1^  windoWB  ^  provided  for  pllot 
went.,  bo^rthrou^riTd^.  **’  “4  "*  •*p0"d  t0  f^Sht  environ- 

fJsZ^£Pl  ZvXZEZSZ.. 

a  continuous  superallov  (Rene'  4l)  fnm*  >.  panes  of  fit1***  Mounted  In 

i.  wonted  on  $£lp» ^  5£*J- 

The  attechl^a0^^0^^*  hSt  £fL°r  th®  faC*  of  the  P“»- 

•i  as?  «5wHE®SKirS- 

=£w=  m3  sS^rr-- a26, 
isr^-yrs-^t'SJSS.w  £■£»- 
ssrsjs:  rjaSHr^-' « 

8  pound,  per  lineal  Inch  £r£££  ^P*d  V  P”88U”  0f  Wraxlmtely 

wlol®»  a*«abljr  1.  directly  adjacent  to  the  “cold" 

3S2\2  S*  pir- 

Pilot,  ccwparfnt.  The  "cold"  window,  are  noWart  ofthlTt^"^ 

SkSS^S^  ~ 

thamocoupla.  for  Bea.ureB.nt  of  the  window  fl  nkZ,  „rm'i 
fracture  temperature.,,  and  d^ctio^.^."^’^™ 
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1.1  GENERAL  DESCRIPTION  (Continued) 

cab  frame  translations  end/or  rotations.  The  window  test  setup  is  instrumented 
to  Measure  net  pressure  on  the  window  and  leakage  rates  through  the  seals 
during  the  boost  air  load  test  No.  2.  All  instrumentation  data  is  recorded, 
reduced,  and  is  documented  herein. 


An  outline  of  the  test  plan  as  prepared  in  Reference  k  is  shown  on  page  3 
The  planned  test  series  were  not  completed  due  to  the  failure  of  the  glass 
during  Test  Condition  3  Re-entry  Thermal  cycle .  Althougi  the  full  planned 
program  of  tests  was  not  completed,  limited  tests  were  run  for  each  of  the 
three  design  environments— pressure,  vibration  and  temperature. 

TSils  report  presents  the  results  of  the  tests  completed  and  a  comparison 
with  analytical  data.  A  thermal  and  stress  analysis  of  the  window  assembly 
is  included.  The  cause  of  the  window  failure  is  discussed  and  methods  of 
improvement  are  suggested. 


Developmental  testing  and  stress  analysis  for  the  X-20  "hot”  side  window  in 
support  of  X-2QA  drawing  release  has  been  documented  in  Reference  5. 


High  Tempemtume  Wi 


FIGURE  I  1-20  High  Temperature  Window  Teat  Plan 


2  TEST  SPECIMEN 

2.1  GENERAL  DESCRIPTION 

The  vindov  test  specimen  at  shown  In  the  photograph  on  page  $  Is  defined  in 
detail  by  the  window  test  assembly  drawing  (25-86200)  which  includes  three 
triangularly  shaped  flat  glass  panes  with  rounded  corners,  a  retaining  frame, 
mounting  seals,  mounting  springs,  and  retaining  frame  support  bearings.  A 
portion  of  the  glider  cab  frame  was  included  to  correctly  simulate  the  eupport 
conditions  at  the  three  bearing  locations.  A  special  vacuum  boac  was  also 
fabricated  to  allow  for  the  application  of  air  loads  without  structural 
interactions . 

2.2  WINDOW  PANES 

The  three  glass  panes  are  Corning  fused  silica  Code  Number  7940.  They  were 
fabricated  by  the  Corning  Glass  Works,  Coming,  New  York  per  The  Boeing 
Company  specifications  as  outlined  in  Reference  7.  The  window  panes  are  of 
a  triangular  shape  approximately  24-inches  by  28-inches  by  16-inches  with 
rounded  corners.  The  outer  pane  was  .65  inch  thick  except  in  the  rebate 
area  where  it  was  machined  to  a  thickness  of  .45  inch.  The  inner  two  panes 
were  of  a  constant  thickness  of  .18  inch.  An  infra-red  reflective  coating  of 
stannous  oxide  was  applied  on  all  surfaces  of  the  panes  except  cm  the  most 
outer  surface  for  the  purpose  of  decreasing  the  radiant  heat  transfer 
through  the  panes.  The  infra-red  reflectance  from  each  of  these  coated 
surfaces  was  equal  to  or  greater  than  the  values  shown  on  figure  3  page  A. 
The  actual  thickness  of  the  stannous  oxide  coating  was  not  determined. 

During  the  coating  process  it  has  been  found  that  a  measurement  of  the 
electrical  resistance  of  the  coating  is  a  good  indication  of  coating  perform¬ 
ance.  it  was  found  that  an  electrical  resistance  of  approximately  40 
per  square  (square  -  jjggj'?!)  would  give  a  satisfactory  coating.  Final 

acceptance  was  made  by  measuring  the  reflectance  between  2.0  to  16.0  microns 
to  meet  the  requirements  of  Figure  3  page  6* 

The  requirements  of  Reference  7  Paragraph  3 .1.2. 1.1. 6,  Optical  Deviation; 
Paragraph  4.3.2,  Test  Specimen  Samples;  Paragraph  4. 3. 2. 2,  Degradation  of 
Glass  Coatings  Test;  and  Paragraph  4. 3. 2. 3,  Optical  Inspection,  were  deleted 
for  the  test  specimen. 

2.3  THERMISTORS 

Thermistors  were  fabricated  and  installed  by  the  Coming  Glass  Works,  Corning, 
New  York  on  both  sides  of  all  fused  silica  window  psuxes  to  measure  glass 
temperatures .  The  infrared  coating  was  reswved  l/8  inch  from  each  side  of 
the  thermistor  and  its  leads .  See  photograph  on  page  9  • 
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2.3  THERMISTORS  (Continued) 

c0°tr*c^l0D  ®f  theimUjr  ■snsitlvc  resistor.)  in  electrical 
fo*4  of  *oU4  •••feoniuetlng  naterla^s  vhlch  are  character- 

i^oS^nt^  SfSi1 2  *^!"iCi*nt  of  Their  us.  for  4«£JrtSre 

!??“*•*“*  S  ??•“  or  ln4i*'«nt  determination  of  the  resistance 

4  10  tb®  ‘nrironaent  Whose  temperature  Is  to  he 

uswSm  r*'"1*  *her*  tbey  "  properly  aged  before 

ThendrtMs  exhibit  great  temperature  Jnsltlelty  tLTTthf  '' 

“Vo^Tinr^  thermocouples ) 'while  ther^or  respouse 
order  of  ■iliiseconds.  Accuracies  of  0.1*F  are  not  unusual. 
However,  the  current  through  the  thermistor  must  ho  limited  to  a  value  which 
doe.  not  increase  it.  temperature  by  resistant  (i2r) luting 

lniilat€?  under  Air  Force  Contract  AF  33(657)8922  to  incprove 
surface  temperature  measurements  of  transparent  materials 

th^iJt^  £o!ir?raft  ®“  lnitial  investigation  was  to  develop  a 

UJln*  Mfth  re,lrtaac«  tin  oxide  films  doped  with  ^ 
Mgativ®  temperature  coefficient.  These  films 
*b£re  no4  bcc*JBe  unstable  for  a  temperature  range 

f  P*??"7  concern  <»  research  aircraft.  At  ttis^oint 
errort  was  shifted  to  a  noble  metal  bolometer.  ^ 

Krpe^iaient*1  Laboratories  bad  conducted  tests  on  thin 

as  tunmrten  mnA  P80”  for  1x1  the  hot -shot  and  shock  tunnels.  Such  films 
&  4  J?d  t*ntalu>l  applied  to  quartz  have  been  tested.  A  sample  of 

IlSS  ^Pre^4,^rtSI1^  *?“  fllM  l**4*  installed  ou  JSeS 
Sns^JTT-r^i1  4, ***  Conlln«  01«*  Work.,  it  im  evaluated  by  the 
Experimental  Laboratories  and  found  to  measure  temperatures  with  accuracy. 

f "P*01*1  application  by  Corning  Glass  Works  is  a 

£»  of “**•  »• «*> «j»7S i iSrL wuSttJ iSST" 

The  -  in®o~  in  **  torm  of  a  P^te  by  a  silk  screen  method. 

..  Pr7lma  *en,°r  1*  fired  on  first,  followed  by  the  gold  leads.  Burin* 

g?  PUti?*  "“?r  “d  «*  Sold  leads  are  cohesion 

lane  *1llc*-  ®*  *ctual  flrin«  temperature  depends  to  a 

large  extent  on  the  end  use  end  the  glass  substrate . 

t**4  *  taiatlvely  thin  film  the  actual  resistance  of 

“U*b*r  of  ,«uar8*  ‘’•in*  used.  (A  square  -  Iggtb.)} 
Platinum  generally  will  have  a  resistivity  of  10  ohms /square.  #v  wsror  J\ 

J?r®  th®  bolo“t«r  t°  be  completely  stable  to  14qo*F  on 
3*1-. Tb*  re»i»tMce/teaperature  curve  le  a  straight  line 
betwen^nr  end  tt0°  F.  The  temperature  coefficient  In  parts/ailllon  is 

1200  'UTS*  lo6'-  0014  fll“  u**4  t0T  1*«4»  to  tbs  sensors  have  been  rery 
successful. 
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2.3  THERMISTORS  (Continued) 

1700*“!  0f  thi‘  tyP*  h*d  b**n  U*ed  00  th*  X*15  “4  "ached  temperature,  of 

g®1?*  t°  T'*Mb*r  i*  th»t  high  heat  flux  on  external  eeneor.  1.  ehorted 
JUt  by  Ionised  gaeee  at  high  temperaturee-effectlvely  a  parallel  conductor. 

These  sensors  hate  been  compared  against  platinum  disc  tvws  ..n.^n 

sss  s£*sl°°  ?iomnf  tr*™? «-  ^“o^^Tot^t*.0^  r  rtth 

“  s?S‘Xs,>ric™“  *  *“•“  «u"  -«-u 

A  total  of  eight  (8)  thermistors  are  used  to  measure  th#*  <7-1 ...  _ . 

ioc*ted  - «-  in*id*  i-skl^ss: 

frtfJnSfN'.  Th*  r***lnin8  two  “•  boated  on  the  exterior  surface  Sr  the 
external  glaee  pane,  and  the  Internal  eurface  of  the  Internal  glass  pane 
Figure  17  on  page  27  above  the  location  of  all  theralatore. 

TbW^^thfSe^tS*  i-002  ,lnc?  *Mck  “d  to  each  other. 

leads  are  .Iff .?  .!  ?“*  lB  th*  “rection  for  each  pane .  The 

aas  are  terminated  at  the  edge  of  the  glass  by  formlna  l/k  -tni*h  v«r  i/l  <  . 
square  gold  contact  patches.  V  roxming  1/4  inch  by  Ifk  inch 

An  external  electrical  connection  is  made  using  a  oirt  ** _ . 

“  ']*?  through  the  vlndcw  ft*.  tL 

cL^ii?md>^a*at*1C5®M  of .  •°01  to  -002-  ®e  flattened  end  le'theriro” 
cc^reeelon  bonded  (epotvelded)  to  the  theraietor  load  at  the  edge  of  tto 

^aas  using  a  layer  of  .001  gold  foil  superimposed.  This  bonded  connection 
ana  tapered  out  vith  Ecco-cera*  compound  to  act  as  an  .  ~T  ,  , 

£*■*?£  wu.  ».  *i^if 

ex^pt  for  the  leads  of  the  outer  pane  which  must  be  sealed.  At  this  location 

u»«4  for  seeling  purpo.ee.  exptt.ioolo2p.Sif  °D 

Ltanstio^X^  tl  SfS.£nd  STdE^STSTE,? 

«lsar^3ss!,B 

ZTVu  tbe'otber  L^hL^f ce^To^d  SST“ 
thfaaae  S^tl^‘h.T1“b20t08rWh  °°  >*«* 10  ,hov”  •  c  nS^fter 

Figures  ofc?  peg«ll£L2  shove  bovtL 
x**a  Vir#8  Ver*  routed  through  the  window  fraae  and  seal  a  rmw 
four  lead  connective  occurred  at  the  e£e  location,  hSStaf  '** 


2.U  WINDCW  FRAME 


S  tZl  SS’  ^ti-l»yered  retaining  ft*.. 

las  frLe.  ee,  p^ll.  Ihe  Sr  52S2  PJ°“e  1*3™  of  3  retain- 
rectangular  ring  sect-ton  4^1  the  frame  is  a  continuous 

The  lower  framfportion  i»L*reetaJSlli  **  '6??'inc5  fabrlcated  from  Rene"  la. 
The  lower  porSoHr  to.  TrLT?™™/!^^”  ;5°-inch  wide  *  .72U-inch. 
bearing  blocks.  The  bearing  vo _  _v_  ^  ^tersection  of  the  three 

la  removed?0  The  too  p°rtlon  01  the  f—  that 

3A6  inch  diameterRene"  riwSa  4,13  JiTeted  together  with 

^  C°ntl"U0U3  ”e"be”  »d  arercLeid®LdULere«ae1oruLlL1rer 

2.5  WINDCW  SEALS 

Manville* and  enclosed  U *"tello3r-1  ****  ™atrix  manufactured  by  Johns- 
S  ^  STS  :LHaSfell0y-?  fo11  which  to  .002  inch 

mesh.  The  outfae2  ^LdfLSY^fM  OT4l-Shaped  Hastelloy-X  wire 
plane  to  restrict  the  n  JTf  w  continuous  covering  to  -nt  as  a  seal 

seals  are  wrapped  in  a^acket  tLt8f  P«nT>  Jnt?.the  fu3elaee  cavity.  All 
between  toe  two  .18  inch  thick  in™.  -•»-  inch  wide  except  toe  seal  that  is 

that  is  .60  inch  wide  to  h“  4  Jackot  *“«• 

to  assure  adequate  clearance  during  out  ^fphLe  f 686  fl43ses 
approximately  .21  inch  to  2^  4  pnase  vibrations.  The  seals  are 

seals  offer  a  cushion  for  the  i?ao„thi  k  **  th?  UncoffiPr®ssed  position.  The 

layers  of  the  window  frame  TesS  we™*3  **  thf?  are  clamp€d  between  the 

to  obtain  their  spring  rate  and  the  stre^Jn  th®  window  seal  configuration 
This  information  is  presented  In  +h«  ress  relaxation  at  high  temperature. 

showing  the  eorqjlete'sealfis  e^oLcf p^V  S*!*:.  A  ph? ^ 
positioning  of  toe  metallic  windoTULH^g  as^.  ““  12  8h0W 

2.6  WINDCW  SPRINGS 

to  heat  and  load.  These  spring*?  i  7n  *5®  asserably  when  subjected 

are  fabricated  from  5  layers  of  oofl  n«L »  I  ^  l  ?pring*  are  used-  They 
travel  is  .Oh  inch  Th .  I?08  R®ne'  "^berial.  The  maximum  spring 

.05  inch  under  aloadSff  It***?*9  nattcn  to  311  ^all  thickness  V® 
exhibit  a  spring  cofteL  0^875  pomdl/L^f '  tocf ,f ‘lei^af 

KB*  E?5  S&VSS  S*. 


FIGURE  8  WINDOW  AND 


ASSEMBLY 


Thermistor  Leads 

_  (Typ. 
Shims  [^> 


Side  Positioning 
Springs 


Silica 


Frame  -  Spacer  Block 


Rene'  4l  Rivet 
Frame  To  Frame 


Side  Positioning 
Springs 


Fused 


Spacer  Block 


Shims  [£> 


Leaf  Spring 


Shims  removed  where  leads  exit. 

No  tabs  on  seal  where  leads  exit. 

Haste  Hoy  x  wire  mesh  enclosed  in  Haste  Hoy  x  foil 


u 


- 


2.6  WINDOW  SPRINGS  (Continued) 

t0  !°,itl0°  th*  S1**8'  ab80rb  111  P1^  vibrational 
r?T8'  vnmaat  the  gleet  from  coming  free  whan  the  frame  expends  under 
high  temperature  condition*.  It  is  to  he  noted  that  the  coefficient  of 

Eri/aTSSL^i?*  rt'  41  s0**  **— *•  „ 

Si  8lmi,\*r?e  8id*  8Prin«8  ‘t*  fabricated  from  .05 

. +>,*8*85i?i‘  f^udB  “*  w#lded  to  the  peak  of  the  side  springs  and 
«ctend  through  the  side  of  the  frame.  This  allovs  a  method  of  retracting 
the  springs  during  window  installation.  The  springs  are  gold  plated  at*** 
*****  th#3r  ecm  int0  cootact  with  the  edge  of  the  glass  to 

iUrfEC*  804  **«*“*«  bearing  surface.  The 
h?T*w!L,prlnf  ***•  of  aPP«*imate3y  720  pounds/inch  at  room 
JTS^’p4e^0<W  ^  W  8Cal  '*«*»»  8ld®  «Prln«s,  and  seal. 

2.7  WINDOW  SUPPORTS 


35?  ^nd?wvfr*“  18  wPPorfced  at  three  location,  around  it.  periphery  by 

SI  M8ei*lie8  «•  tollgnedTo  permit 

relative  movement  of  the  window  frame  and  the  cab  frame  in  the  plane  of  th#> 

Vlthout  inducln«  redundant  force  systems.  This  is  accomplished  by 
aliowing  certain  bearing  shafts  to  slide  longitudinally  and/ortransSerwly 
ln.tbP  **b  fr***  •  Photographs  of  the  bearing  block  assemblies  attached  to  the 

?»r  ^^•srj”,^20-22-  **•  -thod  °f  1^,. 

^  th*  «*•«»  of  «*>  *llder  vhlch  w.  .  deaign 
T5*Jrt”?ow  “d  tnm  »«.«*Ur  «  be  unbolted  from  the  bearing 
block  UKkblor  fro.  the  out.ide  of  the  gilder  for  rewnal  end  refurbietaentf 

2.6  CAB  PRAMS 

8hown  on  P*®8  20  is  fabricated  from  rectangular  Rene’  Vl 
If ^  1,0  1,ncb  by  .09  inch).  The  cab  frame  simulates  the 
ff™f,182ruc^?r*  1x1  ®rd*^“  t°  vrorito  proper  support  conditions  for  the  window 
!?8  al8Q.d88lr8d  t0  8hw  that  the  thermal  elongations  and 
f  f?  fr®"8  VOuld  not  h®  Educed  into  the  window  structure 

wlBd0V  BUSP#n*ion  system.  A  .05  inch  thick 
Rene  41  fairing  extends  from  the  cab  frame  around  the  window  specimen. 

2.9  VACUUM-PRESSURE  BOX 

A  vacuum-pressure  box  was  fabricated  from  Rena’  4l  for  the  application  of 
air  loads  to  the  window  specimen  in  both  the  hot-  and  cold  condition*.  A 
photograph  of  the  vacwM-pressure  ba\  is  shown  on  page  23.  The  vacuum- 

“  w^)tnii0D  bellows  and  special  foil  seal  to 

“!d  i”**  -**—  Kgatlre  prea.ure 

t<n,p'r'tur*  du»  *»  vrnmtan  gU»  failure. 
It  was  planned  to  make  a  continuous  seam  weld  of  the  foil  seal  to  the  vacuum- 
pressure  box  for  the  high  temperature  load  condition. 
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FIGURE  10  WINDOW  SEALS  AND  SPRINGS 
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Window  Seal  Installation 


FIQPHE  12  Window  Seal  and  Side  Spring  Installation 
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FIGURE  lit  End  Bearing  Block  Support 


2.10  ASSEMBLY  AND  WINDOW  INSTALLATION 

dt^!1>ln>  the  ®tresses  Induced  by  Installation 
D^or  windows  vere  fabricated  from  6061-T6  aluminas  alloy. 
Photoelastic  plastic  vas  bonded  to  the  outside  of  the  outer  plate  so  that 

C0Uld  ^  d*t€nil“d  *  pbotoelastic  methods .  8°These 
Wre  U3nn  18  »  glass  had  been  broken  in  the^ast 
during  a  vindov  edge  attachment  development  test  for  the  X-2QA  project 

during  in^tion  Large  installation  sties.es  veie  fo^rfo^ilfvhen 
MrSnf’whm  ^adows  were  ins  tailed .  Significant  deflection  of  the 

trip  occurr*d*  The  deflections  vere  nonunifora  around  the 
periphery  of  the  glass  vhich  lead  to  the  severe  installation  stresses  The 
primary  cause  vas  that  the  seals  vere  thicker  and  had  a  hiSer  ^^  ra^ 

per  inch.  These  differences  in  seal  thickness  and  snrinc  r *±*m  w-r-  a 

for  by  adding  shims  under  the  fairing  and ^uTstrfp a? 

?^nlng  nuti*  'rhe  deletion  of  the  vashers  vas  not 
considered  deterimental  to  the  vindov  installation.  Bolt  torquing  values 
and  sequences  ve  re  established  to  reduce  the  installation  stresses  in  the 

“"““T  «  force.” 

•  P*go  191  •  The  final  glass  instillation  vas  y— de  at  Wright  Field 

^  Boeing  Company  personnel .  The  thermistor  lead  connections verTSaL  wd 

“  r0Ut!d  “  Bh0Wl  «  P*P  Vk  »  Since  k  of  the  thermistU/lead 
+C,“imS  occurr#d  at  tbe  •«“  frame  location,  an  overall  increase  in 

toiSSt*«<tST^d!,“^h?0  V*  thlc]D?*”  of  «*  wire.  end  refn.il 

In  thickness  vas  approximately  .05  inch 
r#8ult€d  m  a  small  hard  spot  2  thTsell  to  La„ 

.  ..  The  retaining  nuts  vere  locked  by  spot  voiding  Haste  11  oy-x  foil 

to  the  nut  and  shank  of  the  bolts  to  complete  th£  installati^ 
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3  ISBTRUKKKTATION 

?Lth!  **  Bpeci*,n  and  «t®Porting  test  fixture,  include. 
acceXerc^etere,  thermistor.,  thermocouple.,  deflection  gage.,  pressure  rare 

foJlST^8  *  A  detall*d  de*crlPtioa  of  instrumentation  and  It.  location* 

3  accelerometers 

CC  °f  V* type,  control  accelero«t«r. 
wth  10  ?“  *J*cl*n-  Ol«B«  «ccelerca.t«r.  were  lnnUOlnd 

wtthdoubU-bMtad  tape.  Location,  of  the  accelerometer,  are  shown  on  page.  1,2 

3.2  THERMISTORS 

of  th«  thin  film  type  as.  described  on  page  U  .  A  total  of 
eight  thermistor,  are  used  to  measure  the  glass  temperature .  six  thermistors 
are  located  on  the  inside  and  outside  surfaces  of  each  glass  pane.  The 

1!J!te4  00  th*  txUrior  ®urface  of  the  exteSS  glass  pane, 

«d  the  internal  wrface  of  the  internal  glass  pane.  Figure  17  oTnLT?? 

show,  the  locations  of  all  thermistor. .  1  27 

3>3  THERMOCOUPLES 

A  total  of  19  Refrasil-ln.ulated,  22  gage,  Type  K  (chrcmel-alueel)  thermo¬ 
couple.  are  .potvelded  to  the  Rene '  4l  window  frame  assembly  end  cab  frame 
f*  7  00  the  window  frame  outer  fairing,  6  on  the  window  frame  at 

Vi“d0V  frM“  at  th®  innar  flanged  backup  ring,  and 

4  on  the  cab  frame.  Sea  figure  17  page  27  for  locations .  ^ 


ae^thjreoc^pl^^un^  to  e.t.hli.h  tenpereture.  «d  gredlent.  of  the 


Where  pos.ibla,  the  thermal  Junction  wae  formed  by  spotwelding  the  individual 
tbensocoupia  wire,  to  the  specimen  parallel  to  each  ?*her  and^apwoxiaSi^ 

Li  *  ^h#r?by  includin«  a  .ectioo  Of  the  Rene^l  specimen 

rC?it  *“  ®nda  of  the  insulation  wS  cover. 

kTtbiTimtrliSrt  T!  f°r  *  •illc*  acld  ®ol«tion  manufactured 

by  the  Pennsylvania  Salt  Coeqmny)  to  inhibit  raveling. 

3.4  DEFLECTIOH  OAOES 

A  total  of  24  deflection  measurement,  verm  made  a.  shown  in  Pirarw.  17 

mtaffiLBL!!?91!  27  through  37  for  beat  and  load  test  condition.,  "a 
•y.t«  employing  low  thermal  expansion  quarts  rod.  in  conjunction  with  strain 

meaaurSentt^5^*?  tran,duc#r  d*^lceo  was  used  for  all  deflection 

■CMurerent. .  Ite»  deflection  trenedurer  device.  w»re  aumfectured  br 

Structure.  Breach  TOT  *t  the  Flight  Dyualc.  laboratory.  V 
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3.5  PRESSURE  GAGE  AND  FLOWMETER 


Pressure  and  flow  aeasuresente  for  the  pressure  boac  test  fixture  were 
following  equipment;  Meries  Laainar  Plow  Meter  Blenent 
Model  5CHH10;  Merit*  Inclined  Manometer  -  Model  40HE  34;  Merias  Mercury 
Pressure  Manoee ter  -  Model  33SA  and  Air  Temperature  Sensor  sanufactured 
the  Structures  Branch  (PDTT). 
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FIGURE  18  DEFLECTION  INDICATOR  LOCATIONS 
TEST  NO.  2  SECTION  A-A 
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FIGURE  18  REFLECTION  INDICATOR  LOCATIONS  TEST  NO.  2  SECTION  C-C 
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FiaURE  19  DEFLECTION  INDICATOR  LOCATIONS  TEST  NO.  3  SECTION  A-A 
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FIGURE  19  DEFLECTION  INDICATOR  LOCATIONS  TEST  NO,  3  SECTION  B-B 
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4  TEST  PROCEDURES  AND  RESULTS 

4.1  TEST  CONDITION  NO.  1  (BOOST  VIBRATION) 

4.1.1  TEST  CONDITION  NO.  1  PLAN 

This  test  condition  was  planned  to  verily  the  structural  integrity  of  the 
X-20  vindov  assembly  when  subjected  to  the  boost  vibration  environment . 

Sinusoidal  vibration  scans  wire  planned  as  shovn  on  page  39  conducted  noraal 
to  the  plane  of  the  window  (Axis  "A")  and  in  the  plane  of  the  window  (Axis  "B") 
Resonant  responses  of  the  window  assembly  could  thus  be  determined  between 
50  and  2000  cycles  per  second  by  using  travelling  accelerometers  attached 
with  double-backed  tape.  These  measurements  could  be  analyzed  to  show 
resonant  frequencies,  resonant  bandwidths  and  amplification  factors,  and 
rcode  shapes  for  all  measurable  resonances. 

After  the  sinusoidal  vibration  testing  was  completed  it  was  planned  to 
subject  the  window  assembly  to  two  room  temperature  random  vibration  tests, 
one  in  the  A' -axis  direction,  and  one  in  the  "B"-axis  direction.  The 
planned  test  envelope  le  shown  on  page  40,  Input  to  the  shaker  while 
supporting  the  specimen  could  be  limited  at  specific  frequencies  as  necessary 
so  that  resonant  responses  of  the  window  assembly  would  not  exceed  the  upper 
tolerance  of  the  test  envelope .  The  test  duration  of  10  minutes  for  each 
axis  was  planned.  A  record  of  the  acceleration  power  spectrum  and  overall 
acceleration  applied  in  each  axis  at  each  monitor  point  could  then  be 
prepared. 

4.1.2  VIBRATION  EOJUMENT 

The  largest  shaker  system  available  for  the  vibration  testing  at  the  Flight 
Dynamics  Laboratory  consisted  of: 

Ling  Electronics 

A-300B  Shaker,  Maximum  Load  ■  300  Pounds 

PP20/35  Power  Amplifier 

R1003C  Sine  Console 

R1001-2  Random  Console 

A8D-20  2 6  Channel  Analyzer 

ESD-20  Equilizer  (Band  Width  varies  from  17  cps  at  100  cps 
to  100  at  700  cps  and  on) 

Since  the  weight  of  the  window  test  specimen  assembly  was  approximately 
100  pounds,  the  test  fixture  weight  was  limited  so  as  not  to  exceed  the 
maximum  load  capability  of  the  shaker.  The  test  fixture  consisted  of  a 
two  inch  thick  aluminum  plate. 
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4.1.3  TEST  PROCEDURES 


The  following  paragraphs  are  a  record  of  the  ribration  teeta  aa  conducted. 


The  window  frame  waa  rigidly  attached  to  the  teat  fixture  and  a  Ling  Model 
A300  ribration  exciter.  Vibration  waa  firat  applied  vertically,  perpendicular 
to  the  plane  of  the  glaaa. 


For  preliminary  information,  initial  a  canning  waa  accompli  ahed  for  the  rertlcal 
direction  by  performing  a  ainuaoldal  frequency  sweep  from  5  opa  to  2000  cpa. 

The  sweep  rate  waa  leaa  than  2  octare  a /minute .  The  input  double  amplitude 
waa  0.025  inch  from  5  cpa  to  23  cpa  and  0.2  g  from  23  cpa  to  2000  cpa. 


Rather  aerere  raaonancea  were  found  to  exiat  in  the  A-fnme  members  which 
overhung  the  edge  of  the  fixture.  Consequently,  the  two  projecting  members 
were  removed  at  the  fixture  edge  by  means  of  a  high  speed  cutting  wheel. 


The  fixture  without  the  window  teat  specimen  waa  installed  on  the  shaker 
and  a  complete  dynamic  survey  was  conducted  on  the  fixture  alone.  An 
amplification  factor  (q)  of  56  waa  noted  at  one  point  on  the  fixture 
(2  g  input  gave  112  g' a  on  plate).  This  data  indicated  that  the  fixture 
did  not  have  sufficient  stiffness  to  accurately  control  the  vibration  levels. 


The  fixture  and  specimen  were  then  instrumented  to  determine  the  resonant 
modes  of  the  upper  glass  pane  and  the  frame  unit  in  which  it  was  installed. 


The  window  was  again  mounted  on  the  fixture  and  a  complete  dynamic  survey 
of  the  fixture  and  specimen  waa  accomplished.  The  Q  of  the  fixture  had 
dropped  from  56  to  15  at  the  moat  severe  point .  The  outer  .65  inch  thick 
window  had  a  Q  of  approximately  30.  Wide  band  random  vibration  was  then 
applied  to  the  specimen,  perpendicular  to  the  plane  of  the  glass .  The 
random  vibration  input  was  applied  at  extremely  low  level,  0.001  PSD  maximum, 
in  lieu  of  0.1  PSD  as  recommended  by  Boeing  Document  D2-81293,  Window  Test 
Reference  4*  Bie  teat  plan  level  is  shown  on  page  UO*  The  response 
of  the  upper  glass  was  monitored  and  the  input  vibration  level  was  reduced 
so  that  the  response  of  the  glass  would  not  exceed  twice  the  input  PSD  value. 
A  recording  and  analysis  of  this  data  was  made  so  that  it  could  be  compared 
with  data  planned  to  be  taken  after  the  heat  test. 


The  specimen  and  test  fixture  were  next  mounted  on  an  oil  film  table, 
oriented  so  that  vibration  was  applied  horizontally,  along  the  "B"  axis, 
as  shown  on  page  Ui.  Initial  scanning  vas  accomplished  for  this  direction 
by  means  of  a  sinusoidal  frequency  sweep  from  5  cps  to  2000  cps,  with  an 
applied  double  amplitude  of  0.025  inch  from  5  to  23  cps,  and  0.2  g  from  23  cps 
to  2000  cpa.  Resonant  responses  of  the  upper  glass  Dane  and  frame  were 
recorded. 
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FIGURE  22  RESONAK?  RESPONSES  .  VERTICAL  DIRECT! OH 


FREQUENCY  (cps) 

ICC. 

135 

293 

U29 

619 

2 

0.2  g 

0.2  g 

0.2  g 

0.2  g 

16 

0.66 

2.5 

1.6 

2.0 

17 

0.75 

1.5 

3.0 

0.7 

18 

1.2 

0.9 

0.5 

1.5 

Not«»  For  135  cps,  amplification  began  at  about  120  cps,  and  extended 
to  approximately  1$0  cpa. 

For  293  ops,  amplification  began  at  about  285  ops  and  extended 
to  approximately  315  cps. 

For  1*29  cps,  amplification  began  at  about  1*15  cps  and  extended 

,to  approximately  1*5 2  cpe. 

0 

For  619  cps,  amplification  began  at  about  609  cps  and  extended 
to  approxlmataly  629  ops. 


*.1.3  TEST  PROCEDURES  (Continued) 

Widt  band  random  vibration  mg  than 
at  the  extremely  lov  leval  of  0.001 
recording  and  analysis  of  this  data 
planned  to  ba  taken  after 

A  review  of  the  vibration 
area*  which  were  found  to 


•Tint  +h.+ _ following  factors 

aide  window  specimn  during  the  required  ra££. 

the  vibration  fixtu^T^ii^^1^*^^ 
resonances  (two  severe)  exist  in  th7fixtun 
testing  at  these  frequencies. 

14  4*bJ  t€,t  pUn  (Ha^arence  4  )  requi: 

t?T  0VBran  '®P«r  tolerance  leva] 
random  vibration  spectn*.  Due  to  Ueitatic 

VlU1be  *******  to  Mt.  The: 

PM*#)  that  cann<*  Da  1 
points  will  not  be  accomplished. 

__  ..C*  V*  equalizing  equipment  is  manual! 
so  it  must  be  adjusted  while  exciting  therp 
xn  short  periods  of  overtesting.  A  duavr  na 

^fl^or1 fll*UAtlon  <*the  s 
a  factor  of  5  difference  in  the  fixture  ami 

*“?  th*  fixture  vlth  the  windo 
Q  -  15  with  specimen  mounted.) 

Since  the  above  uncontrollable  areas  were  pn 
dl?  t0  ®¥,r^aating  existed,  it  was  < 

^PlSSdTlbr*tl0“  'mtu  afUr  «“ 

4.1.4  TEST  RESULTS 

Significant  resonant  frequency  data  recorded 
frequency  surveys  are  as  follows: 

4. 1.4.1  resohaht  frequencies 

AXIS  "A" 


were 

oyertesting  the  x-20 
i  testing: 

and  physical  size  limitations, 

d^ar®*et€r*  •**  ^Derefore  several 
which  aay  cause  serious  over- 


VIBRATION  APPLIED  PERPHfDICUIAR  TO  GLASS 


FIGURE  23 

ACCELEROMETER  LOCATIONS  AND  RESULTS  -  HORIZONTAL  VIBRATION 


ZL] 


100  »  200  300 
FREQUENCY  -  CPS 


4 .1.4.1  RESONANT  FREQUENCIES  -  AXIS  "A"  (Continued) 

c.  The  only  resonances  of  the  upper  glass  pane  for  which  a  mode  shape 
could  be  drawn  were  observed  at  293  ops  and  429  cps.  The  frequency  of  293  cps 
was  attributed  to  a  fixture  resonance.  The  frequency  of  429  cps  is  tbe  only 
authentic  glass  pane  resonance  found.  (See  Figure  22  page  42 ).  It  has  an 
amplification  factor  of  15  at  the  center  of  the  glass . 

4. 1.4 .2  RESONANT  FREQUENCIES  -  VIBRATION  .APPLIED  HORIZONTALLY  IN  A  PARALLEL 
PLANE  WITH  GLASS  -  AXIS  "B" 

a.  A  very  gradual  buildup  in  amplification  for  acceleroaeter  locations 
on  the  glass  began  at  around  70  cps.  For  location  2a,  Figure  23  page  44 
the  gradual  rise  reached  a  Maxima  amplification  of  3.25  at  190  cps, 

3.0  at  240  cps,  continuing  at  2.5  up  to  275  cps,  dropping  to  input  level 
at  350  cps. 

b.  For  location  2b,  Figure  23  page  44  initial  amplification  began  at 
around  70  cps,  with  a  gradual  rise  to  a  Maxima  of  3.0  at  190  cps,  2.25  at 
220  cps,  3.25  at  240  cps,  continuing  at  approximately  2.5  to  280  cps,  dropping 
to  input  level  at  350  cps. 

c.  For  location  2c,  Figure  23  page  44initial  amplification  began  at 
around  70  cps,  with  gradual  rise  to  a  Maxima  of  2.75  at  140  cps,  3.5  at 
190  cps,  4.0  at  240  cps,  3.75  at  270  cps,  dropping  to  input  level  at 

3o5  cps. 


4.2  TEST  CONDITION  2 

4.2.1  TEST  CONDITION  2  PROCEDURE 


The  window  specimen  vas  pressure  loaded  with  air  at  room  temperature  to  a 
negative  7  psi  (outward  acting) .  This  pressure  simulates  the  x-20  boost 
limit  pressure  and  is  the  limit  load  design  condition  for  the  window. 

The  window  was  mounted  securely  to  the  test  stand.  The  pres  sure -vacuum  box 
was  mounted  on  the  window.  Mylar  was  initially  proposed  to  seal  the  pressure 
box  to  the  window  frame  for  this  test  condition.  The  mylar  was  installed 
but  did  not  provide  a  satisfactory  seal.  It  was  removed  and  zinc  chromate 
putty  was  used  to  make  a  satisfactory  seal.  A  photograph  of  the  test  set¬ 
up  is  shown  on  page  $2. 

Pressure  was  applied  to  the  specimen  as  shown  on  page4?  •  The  pressure 
leakage  rate,  and  window  and  cab  frame  deflections  were  recorded  for  all 
test  times. 

A  schematic  of  the  apparatus  for  measuring  the  air  leakage  is  shown  on  pageli?  * 
Prior  to  the  test,  the  vacuum  line  was  capped  off  at  the  test  specimen. 

The  valve  was  cloned  and  the  pump  shut  off  to  assure  that  no  leakage  existed. 

The  procedure  followed  during  the  test  was  to  close  Bleed  Valve  B  until  the 
pressure  manometers  read  the  correct  pressure  in  the  pressure  box  and  then 
read  the  Meriam  Flow  Meter.  This  indicated  the  amount  of  air  flowing  back 
to  the  vacuum  pump  and  thus  the  amount  leaking  into  the  pressure  box  through 
the  window  seals.  The  flow  meter  was  calibrated  to  read  up  to  1.6  SCFM 
with  water  in  the  manometer.  When  it  became  apparent  the  leakage  was  going 
to  exceed  1.6  cfla,  mercury  was  substituted  for  the  water  in  the  inclined 
manometer  to  extend  the  range . 

Following  the  test,  a  valve  was  installed  at  the  test  specimen  end  of  the 
vacuum  line  and  a  series  of  flov  versus  pressure  readings  were  made  with 
the  valve  opened  to  different  amounts  in  order  to  verify  the  linearity  of  the 
flow  meter  up  to  the  flow  value  measured  during  the  test. 

4.2.2  TEST  CONDITION  2  RESULTS 

4. 2. 2.1  WINDOW  SEAL  LEAKAGE  RATE 

The  target  leakage  rate  as  defined  in  Reference  2  is  1.17  x  10“4  ft2  per 
foot  of  seal  with  a  corresponding  leakage  rate  of  .55  x  10-5  pounds/second 
per  foot,  for  choked  flow  at  standard  conditions.  These  target  requirements 
were  set-up  to  control  the  design  from  the  standpoint  of  aerodynamic  heating. 
The  above  sealing  capability  vas  desired  at  the  time  of  high  heating  during 
re-entry  in  order  to  seal  the  hot  gas  plasma  from  heating  the  internal 
fuselage  cavity.  Fortunately  the  maximum  pressure  during  the  critical  heating 
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FIGURE  24  VACUUM  SYSTEM  SCHEMATIC  TEST  CONDITION  2 
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SAFETY  VALVE 


MODEL 


VACUUM  SYSTEM  SCHEMATIC 


CHECK 


TEST  CONDITION  2 


4. 2 .2.1  WINDOW  SEAL  LEAKAGE  RATE  (Continued) 

period  during  re-ent.^r  ie  quite  low.  The  pressures  should  not  exceed 
.50  pound/inch2  during  the  significant  heating  period  for  the  X-20  side 
window  during  re-entry.  The  following  calculations  were  made  to  determine 
the  target  leakage  rate: 

LENGTH  OF  SEAL  -  5*58  Feet 

TARGET  LEAKAGE  RATE  -  5-58  (.55  x  10'5)  -  3.06  x  10‘5  pounds/second 
AT  .5  PSI 

■  .OOI836  pounds /minute 

■  .OOI836/ .0766  ■  .024  cubic  feet /minute 

TARGET  LEAKAGE  RATE  -  .34  cubic  feet /minute 
AT  7  PSI 

The  leakage  rates  recorded  during  the  test  are  shown  on  page  49*  It  is 
seen  that  the  recorded  leakage  rates  exceed  the  design  target  value  by  a 
factor  of  10.  Since  the  thermistor  lead  wires  ran  across  the  seal  as 
outlined  on  page  24,  it  is  believed  this  resulted  in  the  high  leakage  rate. 
Therefore  the  leakage  rates  arm  not  copsidered  conclusive  of  the  sealing 
qualities  of  the  seals  as  the  flight  article  would,  not  have  these  thermistor 
leads. 

4.2.3 .DEFLECTIONS  AND  ROTATIONS 

Deflection  and  rotation  locations  for  Test  No.  2  are  shown  on  pages  J>0 
through  5l  •  The  test  deflection  and  rotation  measurements  were  corrected 
for  rigid  body  movements  as  outlined  in  the  Appendix  on  page  19£,  These  data 
were  then  compared  with  calculated  values.  The  calculated  values  were 
determined  from  an  analysis  based  on  the  direct  stiffness  method  as  progressed 
for  the  digital  IBM  7094  computer  by  The  Boeing  Company .  The  analysis  is 
shown  in  the  Appendix  on  page  195  •  The  comparison  of  window  frame  rotations 
(torsional  angular  twist)  with  analysis  values  are  shown  on  page  £0.  It 
is  seen  that  the  test  values  lie  in  most  part  between  the  fixed  and  pinned 
analysis  cases.  The  comparison  of  vertical  frame  deflections  arc  shown  on 
page  S>1  •  Reasonable  agreement  between  test  data  and  analysis  exists.  It 
is  concluded  that  the  good  agreement  between  the  analysis  and  test  data  is 
evidence  that  the  window  assembly  has  no  structural  weakness.  Extrapolation 
of  this  data  to  ultimate  load  indicates  that  the  window  assembly  could 
withstand  the  ultimate  load  without  failure. 

The  window  frame  to  glass  gaps  were  recorded  before  and  after  the  test  as 
shown  on  page  121  • 


TIME  -  MINUTES 


FIGURE  26  WINDOW  SEAL  LEAKAGE  RATE 

TEST  CONDITION  2  (BOOST  PRESSURE) 


TABLE  1  ROTATION  COMPARISON  AT  -7  LBS/IN2  PRESSURE 


■■ 

WINDOW  FRAME  ROTATION 

-  RADIANS 

ANALYTIC  DATA  7> 

TEST 

DATA 

FIXED 

PINNED 

A 

-.002352 

-.009152 

-.003743 

B 

-.002430 

-.008462 

-.005619 

C 

♦•001072 

+.OQ5617 

-.000714 

D 

-.001553 

-.001055 

E 

-.000821 

-.006124 

-.004128 

+* 

♦ 


C 


3^ 


“X- 

SION  CONVENTION  (TYPICAL  SECTION) 

[X>  ANALYSIS  ASSUMES  BOTH  A  FIXED  AND  PINNED  BOUNDARY  FOR 
GLASS  TO  FRAME-SEAL  CONNECTION.  REF.  f-  «5o 

DATA  INVALIDATED  BY  NON-PARALLELISM  OF  ROTATION 
DEFLECTION  MEASUREMENTS. 


j| 

DATE 

ncv  BY 
INITIALS 

DATE 

TITLE 

MODEL 

CAIC 

* » 1^2231 55xi2i 

ROTATION  COMPARISON 

TEST  r«r®U8  ANALYSIS 

TEST  CONDITION  2  -  LIMIT  BOOST  PRESSURE 

X-20 

CHECK 

AMD 

AMO, 
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VERTICAL  DEFLECTION  COMPARISON  -  TEST  NO 


S3HDNI-  KOI1031J30  "IVDIld3A 
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\ 


S3H0NI  -  NOI1031330  1VDI1U3A 
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b.3  TEST  CONDITION  3  ( RE-ENTRY  THERMAL  CYCLE) 
4*3*1  TEST  CONDITION  3  PROCEDURE 


The  window  specimen  was  to  be  hej^d  as  shown  in  Figure  29  page  . 

tte  x^o‘^x^t?^L~?Ulre!3^”fr*'ent  4  ther“1  °ycle  wh^  eiMuletes 

^r”r  ngure  30  5*8®  57  1.  «  photograph 

of  the  test  set-up.  The  test  specimen  support  conditions  are  shown  on  page  58- 

Effi?ieaCy  ^eBt?  conducted  Prior  to  the  actual  test  indicated  the  silicon 
carbide  powder  installed  per  the  test  plan  (Reference  4)  over  the  surface 

The  siliconrcf heating  cau8ed  the  «Ui8  to  much  too  rapidly. 

re:?Lc:i^r«tru^\eTvea  wth  a  vecua"  cie“er’  *«  * 

oftte  fv°VS  the  “55®  f  l*yo«t  “>«  «l»o  the  location 

couel^.f?r  th^°H°i?le!, (Cl’  C2>  c3>  »)  and  the  two  fairing  tbemo- 

co<Wl*a  (FX  and  F2).  The  deflection  and  rotation  aeaeureoent  location,  for 
Test  No.  3  fire  shown  on  pages  33  through  37, 

POV!T  fpplied  t®  the  leaps  in  each  control  area  was  determined 
by  the  Structures  Test  Branch  (FDTT)  Heat  Rate  Computer  which  matches  the 

dM^tJ"®eratlirC  °f  th*  contro1  thermocouple  or  thermistor  with  the 
voltagee^accordingSy?8  pr°gr“,*ed  °n  4  “e”*1®  4®>»  «*  “eat  lenp 

4.3.2  TEST  CONDITION  3  RESULTS 

te8tf  rr  COnducted  OQ  the  test  specimen  to  check  out  heating 
consisted  of  applying  a  constant  voltage  to  all  heat  lamps  and 

de^?Sn^!T:  a11  the  thermocouples  and  thermistors  andSl 

flections.  This  data  is  on  file  at  the  Structures  Branch  FDTT  of  *he  Air 
Force  Flight  Dynamics  Laboratoxy.  Alr 

lUJhe  tota  '“J?*  S?rial  N°‘  206  are  the  temperatures  and  deflections 
recorded  during  a  run  which  lasted  80  seconds  and  was  then  aborted  when  the 

polloying  thi*  - «-  4p«^®  -  i«p®cted 

thr  ftfter  380  8econd8  When  it  was  observed  that 

™  12?  JSi*88  ^ad.  bf°ken*  From  the  data  it  appears  the  break  occurred  after 
35 '*  seconds.  A  photograph  of  the  failed  glass  is  shown  on  page  61  .  An 

aT  L  l^the  ^  gU8e  1#  8h0Vn  on  P***  63  •  tert  sit-up 

after  the  glass  failure  is  shown  on  page  62  .  Only  the  top  glass  failed  and 

no  apparent  damage  was  sustained  by  the  rest  of  the  test  specimen. 


4.3.2  TEST  common  3  RESULTS  (Continued) 


£*t££i£T,£  HlS“£0co^“'^1Jr  meLtbe  gUB'  —  strolled 
errlvln*  fra.  t£  ^  ’**  euffldent  heet  wae 

£“,2  f0r  Heat  contro1  1  to  follow 

du*J  window  STnot  cJHZ LteiS»'Urff  1"®>'  **»«»«  th*  •*»*»>• 
the  cycle .  heetlng  wae  not  programed  until  later  In 

S’,:!  207  o^pLn*^00?^;^  ?  "*  presented  In  plotted  font  under 
gap  ■easureaente.  ^  °U®*1  !ure  37  1*8*121  ehowe  the  window 


FIGURE  31  WINDOW  SUPPORT  FOR  TEST  CONDITION  3 


FIGURE  3U  Tost  Sot-Up  Aftor  Failoro  -  Condition  3 


•  «* 


Crack  pattern:  surface 
.66  in.  fused-silica. 

2  Apr  1965  WPAFB.Ohio 


*533(615)  2013 


gwitiin 

mlm 


■iliiillJeiiiii  lililil  iSlII  HHH 

IfllllHIIilliliiliiiii  Ui  liiilSibl 


mmsBrnsmsmuBa 

■1  mbHIhhIIIIbI  jSllwiiBmBWi 

wssmmmmstmm 

■  -  -c 

.  -  ?f 


iiilH 
gill  i 


kj. 

FiiO 


iliisiisiia 


If  ini  |gjli§lgg^BiSigiiii^MiSlllgl8g|ggiBII»ggilS>iaBliBBgl 


Hu! 


HisiiiiinHIUlHB 


Mai 

i 


jHHHiliaillilBBHUBBHimiiglilPjlilBIHBIIailtSIIInBiyHniyBfillinl 

iSiiSBSSSSIBSSi 


Pi  II  BiilKii 

g*  I!I  il  i  IKSSKHNi 
liii  li  HVffiMHHHMB 
ligg  iHgyiBMBgglljSyggill 

■liiz^iiiispgigiggiiiggiiiiiliiiiiigg 
iiig!inigg«iisgggg|gyiB{}[iiiiy  iiiiyyyiiiyygiyy 


mui  iiiukiui  KIHUIU  MSHKUIiQllilSur 

IllDllBilillilffll! 


KBaiUUlUaiUUBniSUiH 

BBSS 


FIGURE  56 
THERMOCOUPLE  T2 
Page  66 


mmmammMm 


mmz sb 


8  ■wSISSHHilllBillllBg.ii^iBl 

wmmmmmmmsA 


■  ■■  ■■  ■.:  ■■ 
asBBiBBsiaaiiis 
WHrinnpH 

gnriuuBi|HiaHHiB8BinSafedSSE 


1 

i; 

w 

Hi 

m. 

m 

nundEi: 


It  mix 


rJHSmt; 


Mii:r.  nai3 


FIGtJHE  56 
THKHMOCOTJPLE 
69 


1 


•1 


r 


i 


ft  i 
1/ 

I 


I 


i 

!• 

! 


I 


jummiijif] 


Statm 


trtnij 


P  lis!  iilil  infill  p’i 


illfl 


13  ipnsrtu  1 


si  iiiaimiiiiil 


11111$ 


iiifiit; 


iSii§s»MS 


iissift  riiSSKfl™ 


!ffnr«&. 


(Bwn 


flilPBMWi 


nuftnj 


mam  wm 


BftiKianiiE 


Mimyiiin 


rag  jam 


if  stir, 


an 


■h:!  tjart  rtf  a  H  fit  901  Eft! 


:  itmmi 


mflm 


' 


. 


!-i!ihl!ii 


:U4trtl 


E;t1  rr:™ 


'll  pan  triq 


::  " : :r:i 


rmitlS: 


T^fT~  r 


■  *  3  8 


MHf  nW« 


$|g|§ 


mm\m. 


FIOURR  56 
tH&KJIOCOUFLI  T? 
**g*  71 


FIGURE  56 
THERMOCOUPLE  T8 
Page  72 


I 


IMUKSUBI 
::::::::  ::is 

IM 


II  BtiisaiusK 

i  nniss|j»s{] 

[i  trail::::  in:::; 

ixnnii:s:tnn:i 
i£llS!!HU!  ISS!!! 

IHHiiS 


traHHf 

Einiiis 

iiianm 


lautuBiiiir 

umuimiF.I 


FIGURE  36 

H|  THERMOCOUPLE  T9 
Page  73 


gsppMiimHHiiiil 

BBKnU9IE!!aBHIIH» 


-  mm  m 


'tJSltt 


•••  ■  ::  :  j == ™  i  i !!  li  ;  iill  I  “ !?»!  IHi  i;  iii  5s !  I : 

SI  MBISfP 

-  ":i-  lil! 

MttslUgiiPiji^i  sPBMiH  pasipssisigniiii^i! 

m  pp|  lipi  i!  r  giiiilSSBB 

gifliPIiilSiMEIpBiiaifiiliiijiSii 

«-4!ir:3Uir .difiillKSIgllta  |j=!;!r  !!«■■;=[  :;;!!!iiSi|!iii';i;iii:ii:::  si 


fKisynsiiinsii^ii! 


■Hm 


■■ 


FlGUftfi  56 
HiftUOCOt^Ll  TIO 


:l  liiilisiitmiiiiiiffiii 


gBgif  mmm  iiiii  mm  ii 


mm 


min 


i  uni 


nVll  1IH!: 


MffliSiM 


w-,m 


Mil 


iilOUFiglili 


min 


li  nil: 


rrsttH 


■  I 


nr’EJ?: 


ximrn  % 
THJtanocotrm  t  n 
**«•  75 


■w  j/wm 


. 


Sir 


Hi  mmm-mm-m 

mMmmmm 

AMPljMiiMi 

giiiiii  I|!Sl!f!!|!il! 


huhi 


lliMSfliH 


FIGURE  36 

]  THERMOCOUPLE  T13 
Page  77 


FIGCrtF, 

rHJHailOCOTFLE  Tift 
Pag*  ?ft 


/ 


■  E  j+ 


mu 


hhahi 


mm 


< 


fi : «  if u  i :  i .  sip  i  nni  k:j  otii  mn  tc= 

BiMilli!  HUinti  II  IllSiys 


FIGtJKK  56 
TBXHilDcarFLS  T15 

79 


i 


FIGURE  J6 
THEiaHOGOTHJI  T  L? 
81 


I 


ftifiJl  r: 


WiJ 


W  I  If  HI 

TOl3Bit3e 


mm  i 


nriuimm 


It  MU  III! 


MilfflH 


r  HHPilflT  rir#t  !■■■  i  ■■ 

filHiSigitii 


Iffl! 


!!!tt  rrss-ri 


■I 


FIGURE  36 
THERMOCOUPLE  F2 
Page  85 


TEST  3 


FIGURE  36 
THERMOCOUPLE  C2 
Page  87 


1 


?jwm  36 

Thermocouple  U 

90 


FIGURE  36 
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FIGURE  37  WINDOW  GAPS 
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b.k  DETERMINATION  OF  VISIBLE  LIGHT  TRANSMISSION  FACTOR 
k.k,l  INTRODUCTION 


It  was  requested  that  a  separate  investigation  of  the  light  transmission 
factor  ox  the  vindov  assembly  be  measured  before  and  after  heating  the  window. 

thiB  ae®sur«»ent  obtained  but  found  to  be  inoperative. 
The  Structures  Test  Branch  (FDTT)  instrumentation  personnel  assembled  a 
device  to  attempt  to  obtain  readings  so  the  test  could  continue. 


Following  the  heat  test  a  second  set  of  readings  was  obtained  with  a  different 
photoconductor.  This  was  followed  by  a  third  set  of  readings  which  were 
obtained  using  a  standard  photo  Research  Spectra  Brightness  Spot  Meter. 

A  doubt  exists  as  to  the  validity  of  the  readings  obtained  from  the  first 

MwK  £  ££rtion  "latln8  c“  *»'*• 


^.4.2  TEST  SET-UP  AND  PROCEDURE 


a.  Figure  38  is  a  sketch  of  the  apparatus  made  by  FDTT  and  used  for 
the  preheat  and  post  heat  measurements. 

.  1.  A  current  reading  was  made  without  the  window  in  place 

(through  air) .  The  window  was  then  placed  between  the  light  source  and  the 
photoconductor  and  a  second  reading  was  made. 

. ,  .  _b*  Wgure  39  is  a  sketch  of  the  standard  apparatus  used  to  make  the 
third  set  of  readings.  A  series  of  readings  were  made  with  different  light 
intensities  through  air  and  then  through  the  window. 

k.h.3  TEST  RESUM’S 


a.  Before  heat  test  with  FDTT  apparatus  with  RCA  7163  Photoconductor. 
TABLE  2 


Thru  Air 

Thru  Window 

Ratio  £n?owl\ 
Window  out 

.210  amps 

.125  amps 

•595 

Light  Intensity  Increased: 

.280  amps 

.163  asps 

.589 
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TEST  RESULTS  (Continued) 

TABLE  2  (Continued) 

-  a  b+  After  *****  t€Bt  vith  FOTT  »PP*ratu«  with  Layfette  MS  791  Photo- 


Thru  Air 

Thru  Window 

Ratio  S^0"1- 

Window  out 

Light  Intensity  Increased: 

•770  aaps 

*490  anps 

.636 

.2^5  amps 

.142  aaps 

.580 

c.  After  heat  test  with  Photo 
UBl/2. 

Research  Spectra  Brightness  Spot  Meter 

Thru  Air 

Thru  Window 

_  .  ,  Window  in 

Ft-Laaberts 

Pt-Laaberts 

Ratio 

Window  out 

1000 

650 

.65 

500 

310 

.62 

240 

120 

•50 

150 

100 

.67 
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FIGURE  38  FDTT  LIGHT  TRANSMISSION  APPARATUS 
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5  ANALYSIS  OF  WINDOW  FAILURE 
5-1  THERMAL  DEFLECTIONS 

It  1b  veil  known  that  a  flat  plate  of  uniform  thickness  "t"  and  of  any  shape 
will  normally  assume  a  spherical  curvature  with  radius  t/o^&T  when  subjected 
to  a  thickness  temperature  gradient.  That  is,  one  face  is  at  a  uniform 
temperature  "T"  and  the  other  face  is  at  a  uniform  temperature  T  +  ^T, 
the  temperature  gradient  between  the  faces  being  linear,  where  06  is  the 
coefficient  of  thermal  expansion.  No  thermal  stresses  are  involved  provided 
that  the  deflections  are  not  restrained.  The  X-20  hot  side  window  frame  is 
designed  on  this  principle.  The  three  point  suspension  system  as  described 
on  page  16  gives  the  window  frame  freedom  to  deflect  thermally  and  also 
prevents  thermal  or  load  distortions  of  the  cab  frame  from  being  induced 
into  the  window  frame. 

The  .65  inch  thick  outer  glass  would  require  a  thermal  gradient  through  its 
depth  of  approximately  10  times  that  of  the  1.62  inch  deep  Rene'  41  frame 
in  order  to  have  the  same  thermal  curvature .  This  is  because  the  coefficient 
of  expansion  of  the  Rene'  4l  frame  is  approximately  25  times  that  of  the 
fused  6ilica  glass.  In  actual  test  measurements,  Lowever,  the  thermal 
gradient  through  the  depth  of  the  glass  was  insignificant.  Therefore  the 
window  panes  want  to  remain  essentially  flat  during  the  temperature  cycle. 

The  stiffness  (El)  of  the  frame  is  approximately  50  times  that  of  the  glass 
at  the  point  of  maximum  span.  Therefore  the  constraint  offered  by  the  glass 
to  the  frame  is  small. 

The  vertical  frame  deflections  that  were  recorded  during  Test  No.  3  were 
plotted  versus  the  recorded  frame  temperature  gradients.  The  data  were 
plotted  for  both  the  short  time  rapid  heat  pre-test  condition  and  the  actual 
Test  No.  3  condition.  The  short  time -rapid  heat  deflections  are  shown  on 
page  126  •  The  actual  Test  No.  3  condition  is  shown  on  page  127.  The  test 
data  has  been  corrected  for  rigid  body  movements  as  shown  on  page  19£ 

In  both  of  the  test  cases  it  can  be  seen  that  the  recorded  frame  deflections 
agreed  very  closely  with  the  theory  discussed. 

The  actual  deflection  at  the  time  of  glass  failure  was  obtained  by  extra¬ 
polation  since  some  of  the  deflection  indicators  were  inactive  at  that  time. 
This  deflection  data  is  shown  in  Figure  k2  on  page  128.  In  Figure  k2 
page  128  the  allowable  glass  curvature  is  shown  based  on  the  assuaption  of 
rigid  seals. 

Reference  5,  Side  Window  strength  Check  Notes,  page  I.13.II,  predicted  an 
allowable  frame  temperature  gradient  of  260*F/inch  which  would  be  equivalent 
to  260  (1.62)  «  420*F  for  the  total  frame. 
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FIGURE  41  Thermal  Deflection  Comparison-Test  No.  3 SN207 


5.1  THERMAL  DEFLECTIONS  (Continued) 

The  actual  measured  temperatures  at  the 
on  Figure  43,  page  130.  it  can  be  seen 
temperature  gradients  were  greater  than 
Section  D-D  shows  a  gradient  of  1145 •  . 

In  view  of  the  good  agreement  between  a 
gradients  with  elemental  theoxy  it  is 
window  failure  was  the  high  temperature 
*  resulting  frame  temperature 

ture  which  Induced  glass  curvature  in 

5.2  THERMAL  ANALYSIS 

During  the  window  design  phase  the  fra 
had  been  based  < 

produced  relatively  low  overall 

A  new  two-dimensional  thermal 
after  the  window  -  r_ 
analysis  used  some  relatively  „ 
of  interface  theraal  resistance 
Structures  Thermal  Correlation",  vncj( 
such  as  Rene'  4l  at  high  temperatures, 
across  an  Interface  is  highly  dominant 
neglected.  This  analysis  assumes  1  • 
due  to  the  seal  system)  have  radiation 

Two  cases  were  analyzed.  1 
and  Figure  \£,  page  132. 
data  from  Test  Condition  3 

window  failure  occurred. _ 

from  the  actual  test  data  for 

ture  gradients  for  c _ 

include  insulation  around  the 
different  control  location 


cm  significant  lnt.rf.ee  conduction.  Si.;  of 
-  thermal  gradients . 

...  analysis  of  the  window  frame  was  performed 
, occurred  during  Test  No.  3.  This  thermal 

’  new  approaches,  particularly  in  the  handling 
* '  A  recent  X-20  continuation  effort,  "Hot 
(Reference  6)  indicated  that  for  materials 
.  the  radiation  mode  of  heat  transfer 
1,  i.e.,  conduction  can  and  should  be 
ulndow  frame  interfaces  (including  those 
1  heat  transfer  only. 

The  results  are  shown  on  Figure  Uh  ,  page  131, 

Figure  40,  page  144,  is  based  on  the  available 
I  up  to  a  time  of  6  minutes  at  which  time  the 
All  external  temperature  boundary  nodes  were  driven 

*  I  !  CR8*\  Wgure^  '  P««e  132,  shows  tempera- 

a  cosqplete  test  profile.  Variances  from  the  test  case 

on  thB  “PeCll*en  “4  *  6Ught^ 

Ul,"d  U5’  U  the  corr.lstloo  between 
the  bulk  ofthTf^  loser  ***“«*  existing  through 

r3?  ~  saxs  x.*riT 

neuber  drove  aost  of  the  r°I_ alrtnS  (node  16)  being  a  continuous  structural 
dMi(P*the1outer1fldrl,  *“®®^C**^l*^“**^I*olution1*ould*be*to1re-*nd 

ss! to  *  *,r* intern*1  ^,e*tioa  •£  •• 


TEMPERATURE  DISTRIBUTION  AT  TIME  OF  WINDOW  FAILURE 


E.fcHy 


5*3  THERMISTOR  LEADS 

Upon  examination  of  the  crack  pattern  of  the  window  pane  as  shown  in  Figure  35 
page  63,  it  ia  evident  that  the  crack  originated  at  the  location  where  four 
thermistor  leads  exited  through  the  window  seals .  The  wedge  pattern  of  the 
crack  near  the  thermistor  leads  indicates  the  outer  surface  of  the  glass 
wa*  ln  tension  as  expected.  The  fissures  indicate  the  crack  traveled  from 
the  thermistor  leads  across  the  window  then  rebounded  to  a  location  approxi¬ 
mately  midvoy  between  the  supports . 

A  secondary  cause  of  failure  is  believed  to  be  the  hard  point  in  the  seals 
caused  by  the  thermistor  instrumentation  leads  running  under  the  window 
seals  as  discussed  on  page  2h»  These  leads  would  not  be  present  on  flight 
hardware,  however. 
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6  CONCLUSIONS  AND  RECOMMENDATIONS 


An  X-2QA  (lyna-Soar)  high  temperature  aide  window  assembly  was  fabricated 
from  superalloys  and  fused  silica  panes.  The  window  assembly  was  subjected 
to  a  series  of  tests  simulating  the  X-20  environment  to  experimentally  verily 
the  design  and  to  provide  experience  for  improved  window  design.  The  window 
assembly  successfully  withstood  a  preliminary  vibration  survey  and  limit 
boost  airload  pressure .  The  outer  window  pane  fractured  during  the  simulated 
re-entry  temperature  cycle.  The  major  cause  of  the  window  pane  failure  was 
the  high  temperature  gradient  through  tho  depth  of  the  window  frame .  The 
frame  temperature  gradient  produced  frame  curvature  which  exceeded  the  allow¬ 
able  curvature  of  the  glass .  Although  the  full  planned  program  of  tests 
was  not  completed,  limited  tests  were  run  for  each  of  the  three  design 
environments— vibration,  pressure,  and  temperature .  The  following  specific 
conclusions  and  recommendations  were  made  as  a  result  of  the  limited  tests 
and  the  analysis  conducted  on  the  window  assembly: 

6 . 1  INSTRUMENTATION 

a.  The  hard  point  in  the  window  seals  caused  by  the  thermistor  instru¬ 
mentation  leads  running  under  the  window  seals  is  believed  to  have  caused  a 
stress  concentration  which  added  to  the  cause  of  failure.  This,  however, 
is  considered  to  be  a  secondary  factor.  In  future  window  testing  it  is 
recommended  that  methods  be  designed  to  prevent  stress  concentrations  caused 
by  the  instrumentation  leads  running  through  the  window  seals.  It  is  possible 
that  grooves  could  be  manufactured  in  the  seals  but  this  also  nay  cause  some 
stress  concentrations,  and  would  prevent  sealing  the  outer  window.  With  seme 
development  it  is  envisioned  that  the  gold  thin  film  thermistor  leads  could 
be  continued  around  the  edge  of  the  glass.  The  contacts  could  then  be  made 
on  the  edge  of  the  glass  and  thus  not  alter  the  seals.  The  present  X-20 
frame  design  does  not  have  sufficient  clearance  for  this  application,  however . 

6.2  TESTING 

a.  The  test  bed  fixture  weight  for  the  vibration  test  was  limited  so 
as  not  to  exceed  the  maximum  load  capability  of  the  Ling  A-30QB  shaker. 

The  test  bed  fixture  consisted  of  a  two  inch  thick  aluminum  plate.  High 
amplification  factors  were  recorded  during  preliminary  testing  which  indicated 
the  test  jig  mounting  plate  had  marginal  stiffness. 

It  is  recommended  that  future  vibration  testing  of  window  specimens  of 
equivalent  weight  and  size  be  performed  on  a  shaker  of  larger  capacity  so 
that  the  test  bed  could  have  a  much  greater  stiffness .  Such  shakers  as 
the  Ling  2k$,  L200,  or  MBC210  are  recommended. 
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6.2  TESTING  (Continued) 

b.  The  heat  control  zone  separation  for  the  test  vas  not  sufficient 
to  give  ideal  flight  simulation.  Results  from  Test  No.  3  indicate  that 
sufficient  heat  frcsi  Control  Zone  2  was  entering  Control  Zone  1  to  heat  the 
center  of  the  window  pane  to  the  programed  levels.  Thus  the  outer  window 
pane  regions  were  possibly  hotter  since  they  were  closer  to  the  energy  source. 
This  effect  may  hare  contributed  to  the  window  failure  in  a  minor  degree. 

Future  testing  of  window  specimens  should  consider  special  baffles  or  close 
lamp  spacing  to  the  specimen  (this  would  require  separate  test  set-up  for 
tests  run  with  and  without  racuimi-pressure  box  for  clearance  reasons)  end 
methods  to  prevent  leap  reflector  overlaps. 

c.  The  insufficient  separation  of  the  heat  control  zones  required  the 
removal  of  most  of  the  silicon  carbide  powder  from  the  outside  window  pane 
in  order  to  prevent  overheating.  This  allowed  some  direct  penetration  of 
the  heat  lamp  radiant  energy  to  the  interior  regions  of  the  window  system. 
Since  flight  plasma  radiation  is  insignificant  in  the  side  window  region, 
such  penetration  is  less  than  Ideal  flight  simulation.  This  effect  did  not 
contribute  to  the  window  failure  as  it  actually  reduced  the  frame  thermal 
temperature  gradient  slightly. 

6.3  STRENGTH  ANALYSIS 

a.  The  comparison  of  window  frame  rotations  (torsional  angular  twist) 
and  vertical  deflections  due  to  limit  boost  air  load  with  analyses,  based 
on  the  direct  stiffness  method  as  programmed  for  the  digital  IBM  709k 
Computer  show  good  correlation  •  In  most  cases  the  values  lie  between  the 
fixed  and  pinned  glass  to  frame  analyses  cases. 

It  is  concluded  that  the  good  agreement  between  the  analysis  and  test  data 
for  boost  limit  airload  la  evidence  that  the  window  assembly  has  no  structural 
weakness.  Extrapolation  of  this  data  to  ultimate  load  indicates  that  the 
window  assembly  could  withstand  the  ultimate  pressure  load  without  failure. 

6.4  THERMAL  ANALYSIS 

a.  The  measured  thermal  deflections  can  be  approximated  with  reasonable 
accuracy  by  elementary  theory . 

b.  The  window  frame  design  was  based  on  interface  thermal  conduction 
which  resulted  in  low  overall  frame  thermal  gradient  predictions.  A  new 
thermal  analysis  based  on  radiation  heat  transfer  only  across  the  interfaces 
agrees  with  the  test  data  and  predicts  the  high  thermal  gradients  that  were 
measured,  and  waa  the  primary  cause  of  the  window  failure. 
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6.k  THERMAL  ANALYSIS  (Continued) 

5 3E  5.1STL,2r- 

conductivity  through^T 

across  the  first  interface  (fairing).  ^  temperature  drop  occurs 

6.5  WINDOW  DESIGN 

oerfo^d^t?^^  ”U2'n’lon  ot  the  X-20  eide  windox  fra» 

distortion.  frc.^S^du«d  ^  £“* 
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ni  - 

procedure?  portioning  .pring.  nr.  considered  good  design 
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procJdwS  Mg>*  tmperRtur*  11  considered  good  design 

for  w  *»,»*  -20-4 
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-^wejenti ■  bai Bed  on  the  experience  of  this  ^Jest  prograa.  The  nev^sism 

ehouU  then  be  .objected  to  the  enviroo-ntel  t.sti  J^Unn^  uStorlwf 

progress.  The  potential  value  of  such  a  nmirm  v._  <—£4 _ * .  unaer  xms 

temperature  window  requirements.  Program  has  application  in  many  high 
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I  STRUCTURAL  ANALYSIS 


Sumaiy 

This  secion  presents  the  deflection  end.  Internal  loads  analysis  of  the  7-20 
external  side  window  for  the  critical  design  condition,  boost  ultl*ete  net 
pressure  of  10. 5  psl. 


A  description  of  the  window  and  window  environment,  end  the  construction  of  a 
■atheaatical  me  del  for  structural  analysis  are  presented.  The  stiffness 
aethod  as  programed  for  the  digital  XEK  709^  by  The  Boeing  Company,  and 
called  "Combos",  is  used  for  analy  :1s. 


Results  of  the  digital  solution  Include  translation  and  rotation,  and  interna] 
loads  In  the  glass  pane  and  the  window  free®.  A  discussion  of  the  stresses 
and  strains  In  the  critically  stressed  region  of  the  glass  pane  is  Included. 


External  Loads 


External  loads  are  teken  fro*  D2-81142,  "X-20  Boost,  Hypersonic,  Approach, 
and  Air  Launch  Phase  Load  Conditions" .  The  side  window  outer  glass  pane  Is 
critical  for  the  boost  enriroraeent .  The  critical  condition  during  boost 
results  in  a  net  air  load  of  10.5  psl  Ultimate  on  the  external  side  window. 


The  curve  of  page  31*0  shows  hatch  area  boost  pressures  corresponding  to  the 
critical  condition. 


RSK  V1LT. 
INWARD 


FIGURE  U6 


Bo oat  Preaatm  Distribution  -  Hatch  Area 


Internal  Loads 


The  side  window  outer  glass  pane  is  critical  for  the  boost  environment. 
This  includes  effects  of  air  load,  vibration,  and  installation.  This 
paper  deals  with  the  effects  of  air  loads  on  the  glass. 


o^thelSdov^see.w!1''  gU“  *"  a"eCted  by 


1)  The  window  frame  is  supported  at  three  points.  This  tends  to 
concentrate  the  load  in  the  glass  at  the  three  support  regions. 

2)  As  the  window  frame  is  stiffened,  the  tendency  for  the  stress 
trajectories  to  concentrate  at  support  regions  is  reduced. 


3)  Support  of  the  window  by  a  system  of  seals  and  springs  in 

series  cushions  the  window  edge  as  it  is  clamped  in  the  frame. 


4) 


The  glass  bears  on  the  window  frame  through  the  seals.  The  center 
of  action  of  the  bearing  force  is  conservatively  estimated  to 

?L,9i.lnCh  the  sheaT  torsion  center  of  the  window  frame. 
^See  Figure  U7  ,  page  1U3  )  Torsion  moments  are  applied  to 
the  window  frame  when  air  load  is  transferred  from  the  glass 
to  the  frame .  The  torsional  rotation  of  the  frame  under  these 
moments  will  force  the  glass  to  cany  more  of  the  airload  toward 
the  frame  support  points. 


5)  Springs  around  the  periphery  of  the  window  are  designed  to  fill 
the  gap  between  the  window  pane  and  window  frame .  These 
springs  position  the  window  for  all  times  during  flight  of  the 
X-20,  cushioning  against  vibration  and  inertia  loads. 


Idealization  of  the  X-20  Side  Window  for  the  Stress  Analysis 

f^v  Which  8laulates  the  structural  behavior  of  the 
X-20  side  window  Is  shown  in  Figure  h7  ,  pag  e  lltf  .  The  model  is 

0f  8?ructural  «1**!nts  vMch  together  simulate 
trt pL'ffll  ®?!!  f,the  f*®1  structure.  They  are  quadrilateral  and 

’  SlX  d88ree  of  freedc»  bea“  stemente,  and 

“d  trj^eulnr  plate  elements  are  used  to  simulate  the 

-v?  h  k  fU8Cd  8illca  S1®88  P8** •  Quadrilateral  plates  are  used 
in  all  areas  except  where  a  change  in  size  of  quairllrteral  elements  is 
desired,  or  where  geometry  of  the  real  plate  is  such  that  It  is 

bo^o^e^n^T1"  *“  (“  1,1  the  ““  ~  «* 

°f  fr*'don  be™  elements  are  used  to  simulate  the  window 
^nddns  “d  torsion  stiffness.  They  also  have  the  capability  of 
°f  the  center,  of  shear  and  torsion  to  lie  aw 
£r?”  “L,??1  ts  of  load  tr  -nsfer  from  glass  to  frasie  by  any  dimension. 
T^hf™tts  proper  simulation  of  the  coupling  of  toraioTL  bending 
in  the  window  frame  with  the  load  transfer  from  glass  to  frame.  8 

for  spar 'KS.'MS*  21^^^  SJJSJ  .Singly. 

?Je  act^l  assemblage  of  window  pane  and  window  frame  with  seals  is  shown 
on  p^TST  th*  ld*“U”d  “truoture  simulating  the  actual  assemblage 

?!  as  P°lnt8  in  the  idealized  structure  at  which  loads 

thC  8t^CtUre  ^  *  supported,  deflections  and  rotations 
^ctures  may  be  obtained,  continuity  between  the  common  structural 
elements  may  (or  may  not)  be  enforced  (at  the  user's  discretion). 

^dwff^es£ad!a^^?tJ^r!  DTbered  1  throu«h  129.  Nodes  for  the 
mTV six  degree  of  freedom  beam  elements  are  located  one  inch 

sw£  b£lddC?S  f  rUtC  eLiments  ’  frajaa  n^es  are  obtained 

^  th*  corre8P°nding  window  boundary  node  number. 

Sda?tn  th!?611118  slEula^n8  8eal  stiffness  connect  the  window  boundary 
nodes  to  their  corresponding  frame  nodes. 
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Idealization  of  the  X-20  Side  window  for  the 


»1»  (Continued) 

points.  These  points  are 
xnuxc^ea  in  zne  rigure  on  page  12*5  .  These  support  poinUare  not 

frRBe  nodea  but'  ln®tead,  at  the  center  of  shear  and  torsion 

^int!  5°“*  ,upport*  ***  **  ®P«cified  only  at  nodes,  the  support 

points  for  the  frame  are  moved  to  frame  nodes  201,  287.  and  296 

8Pe  then  ftpp3LjLtd  at  the8e  tnaB  nod«®  to  correct  for 
the  movement  of  the  support  points  to  the  frame  nodes. 

tx  J  > -  3/16  Bolt 

Fused  Silica  / 

Pane  \  S 

^  j —  Window  Fairing 


Side  Leaf  Springs 


ACTUAL  STRUCTURE 


Rebate 


FIGURE  47 


Leaf  Seal  Springe 


SIMULATED  STRUCTURE 


Plate  Elements 
Simulating  Window 
Glass,  i.e.,  #48 
and  #55 


'Spar  Element  Simulating 
Seal  and  Seal  Spring 


Shear  &  Torsion 
Center  of  Window 
Frame  Simulated  by 
Beam  Elements 

i.e.  #247-253  & 
#253-261 


The  following  figure  shows  the  arrangement  of  structural  elements 
for  the  stress  and  deflection  analysis  of  the  X-20  side  window. 
Also  shown  is  the  coordinate  system  and  sign  convention  for 
displacement  and  rotation  at  the  nodes. 

An  illustration  of  the  simulation  of  the  frame  and  pane  is  shown 
on  pege  143. 
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NOMENCLATURE 


Node  numbers  for  the  glees  plate  elements  are  numbered  1  through  229. 

To  obtain  window  frame  beam  element  node  numbers,  add  200  to  the  node  numbers 
assigned  to  the  glass  plate  periphery. 

All  panel  numbers  are  underlined.  Panels  numbered  1  thru  121  represent  the 
side  vindov  outer  pane,  .65  inch  thick.  Panels  numbered  122  thru  163  are 
used  only  for  proper  allocation  of  airload  on  the  window  fairing  to  nodes. 
—  Indicates  beam  elements  representing  window  frame.  This  line  coincides 
1  ^th  the  locus  of  points  lying  on  the  window  frame  shear  center. 

-fp-  Indicates  locations  of  three  support  points  for  window  frame. 
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through  229* 
r  to  the  node  numbers 


i  121  represent  the 
122  thru  153  are 
fairing  to  nodes. 
This  line  coincides 
inear  center. 


aero  for  this  analysis 


FIGURE  48 

NODAL  AND  STRUCTURAL  ELEMENT  DIAGRAM 
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Description  of  Mathematical  Model  Structural  Properties 


The  window  glass  is  supported  around  its  periphery  by  the  window  frame 
which,  in  turn,  rests  on  three  spherical  bearings  at  the  three  support 
points.  The  glass  bears  on  the  frame  through  the  seals  and  seal  springs. 

The  center  of  action  of  the  bearing  force  is  conservatively  estimated  to 
be  .92  inch  from  the  shear  and  torsion  center  of  the  frame. 

A  soft  window  frame  in  bending  or  in  torsion  will  force  the  glass  to  carry 
more  of  the  air  load  toward  the  window  frame  support  points.  Bending  and 
torsion  stiffnesses  of  the  window  frame  are  calculated  on  page  176. 

Use  of  soft  seals  and  seal  spring*  around  the  edge  of  the  glass  results 
in  a  more  uniform  transfer  of  load  from  the  glass  to  the  frame.  Becuase 
of  the  non-linearity  expected  for  seal  spring  rates,  seals  and  seal 
springs  are  simulated  to  be  approximately  2$  times  stiffer  than  is  expected 
at  room  temperature.  Flexing  of  the  window  frame  protruding  flanges  is 
conservatively  neglected  in  calculating  seal  stiffness. 

Elastic  properties  of  Rene'  1*1  and  fused  silica  glass  are  presented  in 
the  Appendix  on  pages  203  to  21$. 

External  Loads  for  the  Idealized  Structure 

A  net  uniform  pressure  of  2*.  3  psi  is  applied  to  thf  mathematical  model. 

The  pressure  is  applied  in  the  positive  z-direction.  For  other  pressures 
a  direct  ratio  may  be  employed  as  this  solution  is  not  non-linear.  I.e., 
for  the  boost  ultimate  net  pressure  of  10.$  psi,  external  loads,  internal 
loads,  deflections,  etc.  may  be  obtained  by  multiplying  the  results  presented 
here  by  the  ratio  of  10.$/1**3  “  2.1*1* 2. 

External  loads  can  be  applied  to  the  mathematical  model  only  at  node 
points.  To  accomplish  the  transformation  of  uniform  pressure  to  node 
loads,  the  surface  of  the  window  is  simply  divided  into  air  load  panels, 
and  the  resolution  of  load  to  the  nodes  is  performed  using  principles  of 
statics  and  engineering  judgment. 

Deflections 

Deflection  patterns  of  the  glass  pane  and  window  frame  when  subjected  to 
a  uniform  air  load  are  shown  on  pages  11*9  and  1$1  respectively  for 
z-axis  translations.  Translation  vectors  drawn  slanting  upward  and  to 
the  left  are  in  the  positive  z-direction. 

Translations  and  rotations  of  all  nodes  for  a  uniform  air  load  of  l*. 3  psi 
acting  in  the  positive  z-direction  are  tabulated  on  pages  1$3  through  162. 

The  right  hand  screw  rule  is  followed  for  rotations.  See  page  ll*$  for 
pictorial  presentation  of  deflection  sign  convention. 

To  obtain  translations  and  rotations  of  the  window  structure  when  subjected 
to  boost  ultimate  net  pressure  of  10.$  psi,  multiply  by  2. 1*1*2. 
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TABLE  3  ROTATIONS  AND  DEFLECTIONS 

-  PINNED  CASE 

RI  =  0y  -  RADIANS 

Pressure  =  4.3  psi 

RX  =  Ox  -  RADIANS 

NODE}  ^FREEDOM 

NODE^  ^FREEDOM 

Z  =  AZ  -  INCHES 

1RY 

-2  -.10309921 

17  Z 

-2  +.41737234 

1RX 

-3  -.10008610 

16RY 

-3  -.87060937 

1  Z 

-3  +.59392566 

1 8RX 

-3  -.13587298 

2RY 

-2  -.10263542 

18  Z 

-2  +.40351832 

2RX 

-4  -.75697320 

19RY 

-3  -.86751173 

2  Z 

-3  ♦  • 8978  77 85 

19RX 

-3  -.16833000 

3RY 

-2  -.10307034 

19  l 

-2  +.38457096 

3RX 

-3  -.12229998 

20RY 

-3  -.85654965 

3  Z 

-3  +.68795080 

20RX 

-3  -.17271722 

ARY 

-2  -.10024731 

20  Z 

-2  +.36454800 

ARX 

-4  -.53730180 

21RY 

-3  -.62627717 

4  Z 

-2  +.16451625 

21RX 

-4  +.46174014 

5RY 

-2  -.10181153 

21  Z 

-2  +.53869758 

5RX 

-4  -.70609816 

22RY 

-3  -.67815602 

5  Z 

-2  +.15749265 

22RX 

-4  +.32485974 

6RY 

-2  -.10254908 

22  Z 

-2  +.54256400 

6RX 

-4  -.98444681 

23RY 

-3  -.70644380 

6  Z 

r2  +.14812860 

23RX 

-4  -.16039641 

7RY 

-2  -.10237956 

23  Z 

-2  +.54097900 

7RX 

-3  -.12571457 

24RY 

-3  -.72406521 

7  Z 

-2  +.13578398 

24RX 

-3  -.14135247 

8RY 

-2  -.10144813 

24  Z 

-2  +.52092281 

8RX 

-3  -.14083086 

25RY 

-3  -.71632650 

8  Z 

-2  +.12119790 

25RX 

1 

-3  -.18638586 

9RY 

-3  -.93087357 

25  1  Z 

-2  +.50128611 

9RX 

-4  -.27537489 

26RY 

-3  -.68701922 

9  Z 

-2  +.30729662 

26RX 

-3  -.19547176 

10RY 

-3  -.96043775 

26  Z 

-2  +.47260937 

IORX 

-4  -.53679347 

27RY 

-3  -.41748154 

10  Z 

-2  +.29944174 

27RX 

-3  +.12709813 

URY 

-3  -.97064738 

27  Z 

-2  +.61132206 

1LRX 

-4  -.93476823 

28RY 

-3  -.50111958 

11  Z 

-2  +.29023760 

28RX 

-4  +.83829669 

12RY 

-3  -.97039144 

28  Z 

-2  +.62863291 

12RX 

-3  -.13328395 

29RY 

-3  -.53507935 

12  Z 

-2  +.27786387 

29RX 

-4  +.12977459 

13RY 

-3  -.95404546 

29  Z 

-2  +.63277687 

13RX 

-3  -• 1 5R94785 

30RY 

-3  -.55318845 

13  Z 

-2  +.25106772 

30RX 

-3  -.15381867 

14RY 

-3  -.80702765 

30  Z 

-2  +.61537906 

14RX 

-5  +.40839874 

31RY 

-3  -.53523647 

14  Z 

-2  +.43312814 

31RX 

-3  -.22046464 

15RY 

-3  -.83301001 

31  Z 

-2  +.59520029 

15RX 

-5  -.21248197 

32RY 

-3  -.48052887 

15  Z 

-2  +.43197529 

32RX 

-3  -.25076304 

16RY 

-3  -.85411555 

32  Z 

-2  ♦. 5520C559 

16RX 

-4  -.36964402 

33RY 

-3  -.20192301 

16  Z 

-2  +.42689141 

33RX 

-3  +.24800835 

17RY 

-3  -.86781731 

33  Z 

-2  +.64959300 

17RX 

-4  -.86817950 

34RY 

-3  -.32764988 
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TABLE  3  ROTATIONS  AND  DEFLECTIONS  -  PINNED  CASE  (CONTINUED) 


34RX 

-3 

♦•1500 1886 

34  Z 

-2 

♦.60923364 

35RY 

-3 

-.36457602 

35RX 

-4 

♦.46533804 

35  Z 

-2 

♦.69819922 

36RY 

-3 

-.38009824 

36RX 

-3 

-.17133888 

36  Z 

-2 

♦•68419C38 

37RY 

-3 

-.35975929 

37RX 

-3 

-.27184229 

37  Z 

-2 

♦.66109669 

38RY 

-3 

-.26474787 

38RX 

-3 

-.35774896 

38  Z 

-2 

♦.59581754 

39RY 

-6 

♦.21925155 

39RX 

-3 

♦.36473948 

39  Z 

-2 

♦.65267010 

40RY 

-3 

-.  10192926 

40RX 

-3 

♦.31716936 

40  Z 

-2 

♦.69913317 

41RY 

-3 

-.16703102 

4IRX 

-3 

♦.21401341 

41  Z 

-2 

♦.72561017 

42RY 

-3 

-.20812735 

42RX 

-4 

♦.84016229 

42  Z 

-2 

♦.74036001 

43RY 

-3 

-.22430736 

43RX 

-3 

-.19214028 

43  Z 

-2 

♦.72841124 

44RY 

-3 

-.19976423 

44RX 

-3 

-.31949539 

44  Z 

-2 

♦.70196886 

45RY 

-3 

-.15202709 

45RX 

-3 

-.41655161 

45  Z 

-2 

♦.66428757 

46RY 

-4 

-.70248733 

46RX 

-3 

-.45293559 

46  Z 

-2 

♦.60620146 

47RY 

-3 

♦.17066587 

47RX 

-3 

♦.56088387 

47  Z 

-2 

♦.62026625 

48RY 

-4 

♦.20399831 

48RX 

-3 

♦.43364610 

48  Z 

-2 

♦.70475454 

49RY 

-4 

-.87683460 

49RX 

-3 

♦.13146668 

49  Z 

-2 

♦.76189357 

50RY 

-3 

-.10491385 

50RX 

-3 

-.22115402 

50  Z 

-2 

♦.75229362 

51RY 

-4 

-.32809761 

51RX 

-3 

-.51381425 

51  Z 

-2 

♦.67737799 

52RY 

-4 

♦.90026937 

52RX 

-3 

-.63013775 

52  Z 

-2 

♦.58122235 

53RY 

-3 

♦.28259008 

53RX 

-3 

♦.74444868 

53  Z 

-2 

♦.55994278 

54RY 

-3 

♦.19218273 

54RX 

-3 

♦.67799352 

54  Z 

-2 

♦.63305202 

55RY 

-4 

♦.98269913 

55KX 

-3 

♦.54585299 

55  Z 

-2 

♦.69502193 

56RY 

-4 

-.13621109 

56RX 

-3 

♦.17655541 

56  Z 

-2 

♦.76829990 

57RY 

-4 

-.31082725 

57RX 

-3 

-.24503373 

57  Z 

-2 

♦.76126374 

58RY 

-4 

♦.45110592 

58RX 

-3 

-.60347797 

58  Z 

-2 

♦.67556442 

59RY 

-3 

♦.11975667 

59RX 

-3 

-.72497398 

59  Z 

-2 

♦.60890620 

60RY 

-3 

♦.19336330 

60RX 

-3 

-.7762  9C  87 

60  Z 

-2 

♦.53545007 

61RY 

-3 

♦.33352270 

61RX 

-3 

♦.93237685 

61  Z 

-2 

♦.48215083 

62RY 

-3 

♦.20666553 

62RX 

-3 

♦.82262414 

62  Z 

-2 

♦.60258567 

63RY 

-3 

♦.12069840 

63RX 

-3 

♦.65937919 

63  Z 

-2 

♦.67784908 

64RY 

-4 

♦.12155835 

64RX 

-3 

♦.22296612 

64  Z 

-2 

♦.76722962 

65RY 

-5 

-.49049096 

65RX 

-3 

-.26675640 

65  Z 

-2 

♦.76281545 

66RY 

-4 

♦.70369760 

66RX 

-3 

-.69327376 

66  Z 

-2 

♦.66599491 

67RY 

-3 

♦.13978958 

67RX 

-3 

-.84929786 
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TABLE  3  ROTATIONS  AND  DEFLECTIONS  -  PINNED  CASE  (CONTINUED) 


67  Z 

-2 

♦.58841393 

84RX 

-2 

-.10847418 

68RY 

-3 

♦.24960614 

84  Z 

-2 

♦.56260579 

68RX 

-3 

-.94872858 

85RY 

-4 

♦.28519461 

68  Z 

-2 

♦.47053329 

85RX 

-2 

-.12593830 

69RY 

-3 

♦.30761772 

85  Z 

-2 

♦.44961270 

69RX 

-2 

♦  ’.11893346 

86RY 

-4 

♦.96947350 

69  Z 

-2 

♦.38861536 

86RX 

-2 

-.13666565 

70RY 

-3 

♦.15698143 

86  Z 

-2 

♦.30136469 

70RX 

-3 

♦.97805571 

87RY 

-5 

♦.14578138 

70  L 

-2 

♦.57271875 

87RX 

-2 

♦.15203237 

71RY 

-4 

♦•80133190 

87  Z 

-2 

♦.23258860 

71RX 

-3 

♦.77330908 

88RY 

-4 

-.65209238 

71  Z 

-2 

♦.66104437 

88RX 

-2 

♦.13789223 

72RY 

-4 

-.16574134 

88  Z 

-2 

♦.43512320 

72RX 

-3 

♦.27018857 

89RY 

-3 

-• 11372473 

72  Z 

-2 

♦•76630638 

89RX 

-2 

♦.11842522 

73RY 

-4 

-.33601539 

89  Z 

-2 

♦.56415816 

73RX 

-3 

-.28537647 

90RY 

-3 

-.15371427 

73  Z 

-2 

♦.76466944 

90RX 

-3 

♦.93914265 

74RY 

-4 

♦.29736617 

90  Z 

-2 

♦.66880729 

74RX 

-3 

-.78285876 

91RY 

-3 

-.20926967 

74  Z 

-2 

♦.65682915 

91RX 

-3 

♦.34690268 

75RY 

-4 

♦.90436687 

91  Z 

-2 

♦.79834668 

75RX 

-3 

-.98110553 

92RY 

-3 

-.23221889 

75  Z 

-2 

♦.56813674 

92RX 

-3 

-.29917855 

76RY 

-3 

♦.22711385 

92  Z 

-2 

♦.80356660 

76RX 

-2 

-.11801937 

93RY 

-3 

-.21937623 

76  Z 

-2 

♦.38164026 

93RX 

-3 

-.89545207 

77RY 

-3 

♦.18690543 

93  Z 

-2 

♦.68385667 

77RX 

-2 

♦  .  13788087 

94RY 

-3 

— • 19768953 

77  Z 

-2 

♦.29995273 

94RX 

-2 

-.11501650 

78RY 

-3 

♦.12028093 

94  Z 

-2 

♦.58133918 

78RX 

-2 

♦  . 1279  7491 

95RY 

-3 

-.16855103 

78  Z 

-2 

+.43693718 

95RX 

-2 

-.13438476 

79RY 

-4 

♦.43718634 

95  Z 

-2 

♦.46115996 

79RX 

-2 

♦.11003543 

96RY 

-3 

-.11148242 

79  Z 

-2 

♦.55648584 

96RX 

-2 

-.15115433 

80RY 

~4 

-.16769635 

96  Z 

-2 

♦.24156549 

80RX 

-3 

♦•86855803 

97RY 

-3 

-.23005770 

80  Z 

-2 

♦.65543180 

97RX 

-2 

♦. 16503145 

81RY 

-4 

-.95146873 

97  Z 

-2 

♦. 19064429 

81RX 

-3 

♦.31205117 

98RY 

-3 

-.25798275 

61  Z 

-2 

♦.77433093 

98RX 

-2 

♦.14441735 

82RY 

-3 

-•  1 1,45  8066 

98  Z 

-2 

♦.45653337 

82RX 

-3 

-.29718720 

99RY 

-3 

-.27883916 

82  Z 

-2 

♦.77579797 

99RX 

-2 

♦.12363087 

83RY 

-4 

-.73450568 

99  Z 

-2 

♦.59133140 

83RX 

-3 

-.85268815 

100RY 

-3 

-.29760279 

83  Z 

-2 

♦.65992005 

100RX 

-3 

♦.97889290 

84RY 

-4 

-.28775979 

100  Z 

-2 

♦.70277603 
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TABLE  3  ROTATIONS  AND  DEFLECTIONS  -  PINNED  CASE  (CONTINUED) 


101RY 

-3 

-.32925882 

101RX 

-3 

♦.37156929 

101  Z 

-2 

♦.83853352 

102RY 

-3 

-.35210505 

102RX 

-3 

-.29141563 

102  Z 

-2 

♦.04691139 

103RY 

-3 

-.36218503 

103RX 

-3 

-.90681322 

103  Z 

-2 

♦.72681395 

104RY 

-3 

-.36270267 

104RX 

-2 

-.11732768 

104  Z 

-2 

♦.62280780 

105RY 

-3 

-.35783149 

105RX 

-2 

-.13846206 

105  Z 

-2 

♦.49991595 

106RY 

-3 

-.  35C49306 

106RX 

-2 

-  j  1610  3003 

106  Z 

-2 

♦.22247795 

107RY 

-3 

-.44720769 

107RX 

-2 

♦.16539388 

107  Z 

-2 

♦.24270626 

108RY 

-3 

-.44493815 

108RX 

-2 

♦.14594174 

108  Z 

-2 

♦.50980650 

109RY 

-3 

-.4380 1882 

109RX 

-3 

♦.9980 9057 

109  Z 

-2 

♦  • 7570  3833 

11GRY 

-3 

-.44830631 

110RX 

-3 

♦.38677681 

110  Z 

-2 

♦.89694664 

111RY 

-3 

-.46948704 

111RX 

-3 

-.27453681 

111  Z 

-2 

♦.90821192 

112RY 

-3 

-.50193895 

112RX 

-3 

-.89755844 

112  Z 

-2 

♦.79149691 

113RY 

■-3 

-.54151128 

113RX 

-2 

-.13822511 

113  Z 

-2 

+.56788C74 

114RY 

-3 

-.58230963 

114RX 

-2 

-. 16419407 

114  Z 

-2 

♦.24357952 

115RY 

-3 

-.60352242 

U5RX 

-2 

♦.15763146 

115  Z 

-2 

♦.40329389 

116RY 

-3 

-.60628241 

1 16RX 

-2 

♦  •  1434  3C18 

116  Z 

-2 

♦.58731989 

117RY 

-3 

-.56525872 

L17RX 

-3 

♦.98552745 

117  Z 

-2 

♦.83218078 

118RY 

-3 

-.55599718 

118RX 

-3 

♦.39372980 

118  Z 

-2 

♦.97205053 

119RY 

-3 

-.57632198 

119RX 

-3 

-.25168300 

119  Z 

-2 

♦.98692706 

120RY 

-3 

-.62376069 

120RX 

-3 

-.86055209 

120  Z 

-2 

♦.87629667 

121RY 

-3 

-.69433246 

121RX 

-2 

-.13357959 

121  Z 

-2 

♦.66102191 

122RY 

-3 

-.76358078 

122RX 

-2 

-.15881489 

122  Z 

-2 

♦. 359C2887 

123RY 

-3 

-.69921002 

123RX 

-2 

♦.13232745 

123  Z 

-2 

♦.71075109 

124RY 

-3 

-.73877188 

124RX 

-3 

♦.92513917 

124  Z 

-2 

♦.98599394 

125RY 

-3 

-.73202226 

125RX 

-3 

♦.39040131 

125  Z 

-1 

+.11405212 

126RY 

-3 

-.76895763 

126RX 

-3 

-.2 0986233 

126  Z 

-1 

♦.11788369 

127RY 

-3 

-.83686511 

127RX 

-3 

-.76470302 

127  Z 

-1 

♦  .  10978C80 

128RY 

-3 

-.08074459 

128RX 

-2 

-.12077401 

128  Z 

-2 

♦ • 8671 2C 15 

129RY 

-3 

-.8675321 2 

129RX 

-2 

-. 14510742 

129  Z 

-2 

♦.59181687 

201RY 

-3 

-.64759403 

201RX 

-3 

-.12149032 

202RY 

-3 

-.59514164 

202RX 

-3 

-.10485621 

202  Z 

-3 

♦.20761655 

203RY 

-3 

-.61485460 

203RX 

-3 

-.  14208^67 

203  Z 

-4 

-.23648766 

204RY 

-3 

-.61864796 

204RX 

-4 

♦.36923770 

204  Z 

-3 

♦.74907559 

208RY 

-3 

-.64565829 

208RX 

-3 

-.27973752 

1*6 


TABLE  3  ROTATIONS  AND  DEFLECTIONS  -  PINNED  CASE  (CONTINOED) 


?08  2 

-3  ♦.26721636 

261RX 

-2 

+.52143168 

209RY 

-3  -.75433048 

261  Z 

-2 

+.33986681 

209RX 

-3  ♦.77490611 

268RY 

-3 

-.46079500 

209  Z 

-2  ♦.21200754 

268RX 

-2 

-.55883835 

213RY 

-3  -.80056968 

268  Z 

-2 

+.32834739 

213RX 

-2  -.10118558 

269RY 

-3 

-.34191876 

213  Z 

-2  ♦.14836553 

269RX 

-2 

+.53675856 

214RY 

-3  -.75108536 

269  2 

-2 

+.22294201 

214RX 

-2  +.15304324 

276RY 

-3 

-.53879294 

214  Z 

-2  +.35044945 

276RX 

-2 

-.57684551 

220RY 

-3  -.81378595 

276  Z 

-2 

+.20301300 

220RX 

-2  -. 18162990 

277RY 

-3 

-.48000417 

220  Z 

-2  +.28310174 

277RX 

-2 

+.53628380 

221RY 

-3  -.70474838 

277  Z 

-2 

+.10054137 

221RX 

-2  +.22572339 

286RY 

-3 

-.72235043 

221  Z 

-2  +.46028554 

286RX 

-2 

-.57509751 

226RY 

-3  -.78061163 

286  Z 

-3 

+.91046006 

226RX 

-2  -.25544239 

287RY 

-3 

-.72901386 

226  Z 

-2  +.39401040 

287RX 

-2 

+.51628381 

227RY 

-3  -.63165675 

296RY 

-2 

-.10515973 

227RX 

-2  +.29207156 

296RX 

-2 

-.55262027 

227  Z 

-2  +.53126081 

297RY 

-3 

-.94551972 

232RY 

-3  -.71861664 

297RX 

-2 

+.47888486 

232RX 

-2  -.32509736 

297  Z 

-3 

-.70829647 

232  Z 

-2  +.47358515 

306RY 

-2 

-.13236503 

233RY 

-3  -.54329042 

306RX 

-2 

-.51821007 

233RX 

-2  +.35265288 

306  Z 

-3 

-.19352098 

233  Z 

-2  +.56651571 

307RY 

-2 

-.10941918 

238RY 

-3  -.64427326 

307RX 

-2 

+.37907984 

238RX 

-2  -.38787092 

307  Z 

-4 

-.42390452 

238  Z 

-2  +.51160388 

314RY 

-2 

-.  14336570 

239RY 

-3  -.45065335 

314RX 

-2 

-.46073C52 

239RX 

-2  V. 406808 15 

314  Z 

-4 

-.70692254 

239  Z 

-2  +.55501044 

315RY 

-2 

-.15374946 

246RY 

-3  -.56854842 

315RX 

-2 

+.24807035 

246RX 

-2  -.44365730 

315  Z 

-2 

+.21785628 

246  Z 

-2  +.51549821 

322RY 

-2 

-.15962569 

247RY 

-3  -.36536874 

322RX 

-2 

-.34347008 

247RX 

-2  +.45674087 

322  Z 

-2 

+. 14730404 

247  Z 

-2  +.52256525 

323RY 

-2 

-.25095706 

252RY 

-3  -.50407526 

323RX 

-2 

+.11619786 

252RX 

-2  -.49065028 

323  Z 

-2 

+.62720933 

252  Z 

-2  +.47163452 

324RY 

-2 

-.32803755 

253RY 

-3  -.31104715 

324RX 

-3 

+.40968389 

253RX 

-2  +.49342390 

324  Z 

-2 

+.94375602 

253  Z 

-2  +.43738387 

325RY 

-2 

-.33964935 

260RY 

-3  -.46215428 

325RX 

-4 

+.79131575 

260RX 

-2  -.52940942 

325  Z 

-1 

+.10714711 

260  Z 

-2  +.41232772 

326RY 

-2 

-.35401477 

261RY 

-3  -.29476332 

326RX 

-3 

-.24578806 

TABLE  3 


326  Z 
327RY 
327RX 

327  Z 
328RY 
328RX 

328  Z 
329RY 
329RX 

329  Z 


ROTATIONS  AND  DEFLECTIONS  -  PINNED  CASE  (CONTINUED) 


-l  ♦.11245380 
-2  -.36938127 
-3  -.56045034 
-1  ♦.11001143 
-2  -.31767382 
-3  -.98896342 
-2  ♦.85973899 
-2  -.22434835 
-2  -.19804522 
-2  ♦.48608930 


1*8 


TABLE  4  ROTATIONS  AND  DEFLECTIONS 

Pressure  =4.3  psi 


NODE^  | FREEDOM 

IRY 

1RX 

2RY 

2RX 

2  Z 
3RY 
3RX 

3  Z 
4RY 
4RX 

4  Z 
5RY 
5RX 

5  Z 
6RY 
6UX 

6  Z 
7RY 
7RX 

7  Z 
8RY 
8RX 

8  Z 
9RY 
9RX 

9  Z 
10RY 
10RX 

10  Z 
1  IRY 
I1RX 

11  Z 
12RY 
12RX 

12  Z 
13RY 
13RX 

13  Z 
14RY 
14RX 

14  Z 
15RY 
15KX 

15  Z 
16RY 
16RX 

16  Z 
17RY 
17RX 

17  Z 


-3  -.95399749 
-5  -.79689990 
-3  -.93058870 
-4  -.30525402 
rl  >.20156564 
-3  -.93157497 
-4  >.14182351 
-3  >.17621992 
-3  -.86296415 
-5  -.42780251 
-3  >.79556379 
-3  -.90065696 
-4  >.13582426 
-3  >.80290130 
-3  -.91557047 
-5  -.80484200 
-3  >.79804663 
-3  -.90134364 
-4  -.29981052 
-3  >.76853149 
-3  -.86757003 
-5  -.86261377 
-3  >.72774473 
-3  -.73470877 
-4  >.99458392 
-?  >.19518753 
-3  -.64440306 
-4  >.42889759 
-2  >.20557820 
-3  -.85587845 
-5  -.76986401 
-2  >.20580354 
-3  -.84715978 
-4  -.58368794 
-2  >.20148593 
-3  -.74113403 
-3  -.10610203 
-2  >.18616260 
-3  -.59638211 
-3  >.20974969 
-2  >.29287463 
-3  -.70676772 
-3  >.14143878 
-2  >.30832730 
-3  -.73838777 
-4  >.76172529 
-2  >.31656394 
-3  -.75283040 
-5  -.82662610 
-2  >.31708206 


-  FIXED  CASE 


NODE  ^  ^FREEDOM 

18RY 

18RX 

18  Z 
19RY 
19RX 

19  Z 
20RY 
20RX 

20  Z 
21RY 
21RX 

21  Z 
22RY 
22RX 

22  Z 
23RY 
23RX 

23  Z 
24RY 
24RX 

24  Z 
25RY 
25RX 

25  Z 
26RY 
26RX 

26  Z 
27RY 
27RX 

27  Z 
28RY 
28RX 

28  Z 
29RY 
29RX 

29  Z 
30RY 
30RX 

30  Z 
31RY 
31RX 

31  Z 
32RY 
32RX 

32  Z 
33RY 
33RX 

33  Z 
34RY 
34RX 


RJ  mOj  x  RADIANS 
RX  ■  9x  -  RADIANS 
Z  -  INCHES 


-3  -.74157756 
-4  -.91096547 
-2  >.30975214 
-3  -.71027529 
-3  -.15418230 
-2  >.29437892 
-3  -.60317158 
-3  -.22262791 
-2  >.27426890 
-3  -.42865405 
-3  >.33078446 
-2  >.36706737 
-3  -.56138557 
-3  >.20759720 
-2  >.40098663 
-3  -.59925816 
-3  >.10247112 
-2  >.41436728 
-3  -.60307090 
-3  -.12282832 
-2  >.40871488 
-3  -.57187177 
-3  -.22509494 
-2  388^5596 

-3  -.44359216 
-3  -.34238141 
-2  >.34919386 
-3  -.25039452 
-3  >.47076178 
-2  >.41240133 
-3  -.40536900 
-3  >.26705374 
-2  >.47167335 
-3  -.43794745 
-3  >.13152021 
-2  >.49098235 
-3  -.44349532 
-3  -.15409500 
-2  >.48604375 
-3  -.41402874 
-3  -.28744833 
-2  >.46288020 
-3  -.26950181 
-3  -.48300926 
-2  >.39768868 
-4  -.70854083 
-3  >.60518884 
-2  >.42656231 
-3  -.23931535 
-3  >.33016901 


TABLE  4  ROTATIONS  AND  DEFLECTIONS  -  FIXED  CASE  (Continued) 


34  l 

-2 

♦.51875354 

35RY 

-3 

-.27330471 

35RX 

-3 

♦•16056428 

35  Z 

-2 

♦o54264I79 

36RY 

-3 

-.27751803 

36RX 

-3 

-.18432819 

36  Z 

-2 

♦.53913758 

37RY 

-3 

-.24886867 

37RX 

-3 

-.35228061 

37  Z 

-2 

♦.51165842 

38RY 

-4 

-.91418547 

38RX 

-3 

-.61906225 

38  Z 

-2 

♦.41425317 

39RY 

-3 

♦.10795766 

39RX 

-3 

♦.74453524 

39  Z 

-2 

♦.40706825 

40RY 

-4 

-.50156996 

40RX 

-3 

♦.56572200 

40  Z 

-2 

♦.49466316 

41RY 

-4 

-.92499468 

41RX 

-3 

♦.39078115 

41  Z 

-2 

♦.54268547 

42RY 

-3 

-.12234798 

42RX 

-3 

♦.18984875 

42  Z 

-2 

♦.57162420 

43RY 

*-3 

-.12748392 

43RX 

-3 

-.21300316 

43  Z 

-2 

♦.56863010 

44RY 

-3 

-.10317546 

44RX 

-3 

-.41062566 

44  Z 

-2 

♦.53697268 

45RY 

-4 

-.66838596 

45RX 

-3 

-.58042900 

45  Z 

-2 

♦.48674079 

46RY 

-4 

♦.79274812 

46RX 

-3 

-.74992652 

46  Z 

-2 

♦.40067327 

47RY 

-3 

♦.24899802 

47RX 

-3 

♦.91067032 

47  Z 

-2 

♦.36535954 

48RY 

-4 

♦.64964136 

48RX 

-3 

♦.63855361 

48  Z 

-2 

♦.49361212 

49RY 

-5 

-.28184712 

45RX 

-3 

♦.22026676 

49  Z 

-2 

♦.58046151 

50RY 

-5 

-.76072481 

50RX 

-3 

-.24241437 

50  Z 

-2 

♦.57816043 

51RY 

-4 

♦•48662954 

51RX 

-3 

-.65141184 

51  Z 

-2 

♦.48805492 

52RY 

-3 

♦.21705140 

52RX 

-3 

-.90671060 

52  Z 

-2 

♦.35985409 

53RY 

-3 

♦.34819015 

53RX 

-2 

♦.10653785 

53  Z 

-2 

♦.29624968 

54RY 

-3 

♦.19700194 

54RX 

-3 

♦.90024611 

54  Z 

-2 

♦.39464671 

55RY 

-3 

♦.14656964 

55RX 

-3 

♦.71686572 

55  Z 

-2 

♦.47658605 

56RY 

-4 

♦.77661927 

56RX 

-3 

♦.24491154 

56  Z 

-2 

♦.57404824 

57RY 

-4 

♦.73989791 

57RX 

-3 

-.26553606 

57  Z 

-2 

♦  . 57^37999 

58RY 

-3 

♦.13355034 

58RX 

-3 

-.72451464 

58  Z 

-2 

♦.47333770 

59RY 

-3 

♦.18069495 

59RX 

-3 

-.89907983 

59  Z 

-2 

♦.39205871 

60RY 

-3 

♦.31723509 

60RX 

-2 

-.10477657 

60  Z 

-2 

♦.29889563 

61RY 

-3 

♦.38308025 

61RX 

-2 

♦.12130981 

61  Z 

-2 

♦.21376813 

62RY 

-3 

♦.22250625 

62RX 

-3 

♦.99300286 

62  Z 

-2 

♦.36245561 

63RY 

-3 

♦.17111548 

63RX 

-3 

♦.78093287 

63  Z 

-2 

♦.45222543 

64RY 

-3 

♦.11295719 

64RX 

-3 

♦.26865569 

64  Z 

-2 

♦.55858219 

65RY 

-3 

♦.11093550 

65RX 

-3 

-.28701120 

65  Z 

-2 

♦.55723465 

66RY 

-3 

♦.16561666 

66RX 

-3 

-.78581393 

66  Z 

-2 

♦.44989712 

67RY 

-3 

♦.21419226 

67RX 

-3 

-.98758332 

67  Z 

-2 

♦.36110332 

160 


TABLE  4  ROTATIONS  AND  DEFLECTIONS  -  FIXED  CASE  (Continued) 


68RY 

-3 

♦.35769393 

68RX 

-2 

-.11871152 

68  Z 

-2 

♦.22060533 

69RY 

-3 

♦.32906450 

69RX 

-2 

♦•13616048 

69  Z 

-2 

♦.12663122 

70RY 

-3 

♦.17380125 

70RX 

-2 

♦.10704354 

70  Z 

-2 

♦.33075313 

71RY 

-3 

♦.13688726 

71RX 

-3 

♦.83853635 

71  Z 

-2 

♦.42698085 

72RY 

-4 

♦.94369470 

72RX 

-3 

♦.28869615 

72  Z 

-2 

♦.54064692 

73RY 

-4 

♦.92339458 

73RX 

-3 

-.30374092 

73  Z 

—2 

♦.53936189 

74RY 

-3 

♦.13153597 

74RX 

-3 

-.84146753 

74  Z 

-2 

♦.42427547 

75RY 

-3 

♦.16739727 

75RX 

-2 

-.10617942 

75  Z 

-2 

♦.32875009 

76RY 

-3 

♦.30272141 

76RX 

-2 

-.13318396 

76  Z 

-2 

♦.12452557 

77RY 

-3 

♦.16988413 

77RX 

-2 

♦.14616502 

77  Z 

-3 

♦.47159345 

78RY 

-4 

♦.66509617 

78RX 

-2 

♦.13199035 

78  Z 

-2 

♦.18859123 

79RY 

-4 

♦.55244975 

79RX 

-2 

♦'.11271656 

79  Z 

-2 

♦.31176669 

80RY 

-4 

♦.42504887 

80RX 

-3 

♦.87326893 

80  Z 

-2 

♦.41211760 

81RY 

—4 

♦.26321178 

81RX 

-3 

♦.30134666 

81  Z 

-2 

♦.53015963 

82RY 

-4 

♦.19468759 

82RX 

-3 

-.30915359 

82  Z 

-2 

♦.52933691 

83RY 

—4 

♦.23375014 

83RX 

-3 

-.87042358 

83  Z 

-2 

♦.41068475 

84RY 

-4 

♦.31920374 

84RX 

-2 

-.11142613 

84  Z 

-2 

♦.31117350 

85RY 

-4 

♦.36024119 

85RX 

-2 

-.12895827 

85  Z 

-2 

♦.19505480 

86RY 

-3 

♦•12501004 

86RX 

-2 

-.14178349 

86  Z 

-3 

♦.43818525 

87RY 

-3 

-.12711160 

87RX 

-2 

♦.15010656 

88RY 

-3 

-.13653978 

88RX 

-2 

♦.13201073 

88  Z 

-2 

♦.19637168 

89RY 

-3 

-.11263511 

89RX 

-2 

♦.11110460 

89  Z 

-2 

♦.31857062 

90RY 

-4 

-.90711373 

90RX 

-3 

♦.86730955 

90  Z 

-2 

♦.41591587 

91RY 

—4 

-.72609993 

91RX 

-3 

♦.30492329 

91  Z 

-2 

♦•53375066 

92RY 

-4 

-.87421608 

92RX 

-3 

-.29603897 

92  Z 

-2 

♦.53470474 

93RY 

-3 

-.13025157 

93RX 

-3 

-.85255049 

93  l 

-2 

♦.41941629 

94RY 

-3 

-.16157232 

94RX 

-2 

-.10921892 

94  Z 

-2 

♦.32197502 

95RY 

-3 

-.19344274 

95RX 

-2 

-.12775642 

95  Z 

-2 

♦.20792220 

96RY 

-3 

-.22320398 

96RX 

-2 

-.14309760 

97RY 

-3 

-.42568345 

97RX 

-2 

♦.14790102 

97  Z 

-4 

-.42552099 

98RY 

-3 

-.31425910 

98RX 

-2 

♦.12449073 

98  Z 

-2 

♦.22887764 

99RY 

-3 

-.25408910 

99RX 

-2 

♦.10523429 

99  Z 

-2 

♦.34432211 

100RY 

-3 

-.20968188 

100RX 

-3 

♦.82727623 

100  Z 

-2 

♦.43085583 

101RY 

-3 

-.17005658 

101RX 

-3 

♦.30120150 

101  Z 

-2 

♦.55224593 

TABLE  V 


ROTATIONS  AND  DEFLECTIONS  -  FIXED  CASE  (Continued) 


102RY 

-3 

-.19034770 

102RX 

-3 

-.26891086 

102  Z 

-2 

♦•55568197 

103RY 

-3 

-.26308711 

103RX 

-3 

—.79706541 

103  Z 

-2 

♦.44877859 

104RY 

-3 

-.32046528 

104RX 

-2 

-.10207467 

104  l 

-2 

♦.35783415 

105RY 

-3 

-.38632891 

105RX 

-2 

-.11993646 

105  Z 

-2 

♦.25124997 

106RY 

-3 

-.53207751 

106RX 

-2 

-.13683681 

106  Z 

-3 

♦.13133920 

107RY 

-3 

-.60755492 

107RX 

-2 

♦.13904404 

107  Z 

-3 

♦.69111637 

108RY 

-3 

-.41875998 

108RX 

-2 

♦.11445198 

108  Z 

-2 

♦.28430631 

109RY 

-3 

-.30563332 

109RX 

-3 

♦.77486975 

109  Z 

-2 

♦.47715542 

110RY 

-3 

-.26732493 

110RX 

-3 

♦.29588217 

110  Z 

-2 

♦.58537690 

111RY 

-3 

-.29004101 

111RX 

-3 

-.23188165 

111  Z 

-2 

♦.59181568 

112RY 

-3 

-.37192404 

112RX 

-3 

-.72127184 

112  Z 

-2 

♦.49660626 

113RY 

-3 

-.51334081 

113RX 

-2 

-.10823735 

113  Z 

-2 

♦.31956082 

U4RY 

-3 

-.73064109 

114RX 

-2 

-.12896709 

114  l 

-3 

♦.66033475 

115RY 

-3 

-.69489340 

115RX 

-2 

♦.12428589 

115  Z 

-2 

♦.21642043 

116RY 

-3 

-.52421840 

116RX 

-2 

♦•10366528 

116  Z 

-2 

♦.35357168 

117RY 

-3 

-.41601539 

117RX 

-3 

♦.71665998 

117  Z 

-2 

♦.53098116 

110RY 

-3 

-.37665292 

118RX 

-3 

♦.29100445 

118  Z 

-2 

♦•63344082 

119RY 

-3 

-.39477293 

119RX 

-3 

-.19306829 

119  Z 

-2 

♦.64339842 

120RY 

-3 

-.47260729 

120RX 

-3 

-.63684074 

120  Z 

-2 

♦.56029441 

121RY 

-3 

-.60324843 

121RX 

-3 

-.95939975 

121  Z 

-2 

♦.40364167 

122RY 

-3 

-.84365233 

122RX 

-2 

-.11716590 

122  Z 

-2 

♦.18600349 

123RY 

-3 

-.73448214 

123RX 

-3 

♦.96237187 

123  Z 

-2 

♦.46184269 

124RY 

-3 

-.71334924 

124RX 

-3 

♦.61043558 

124  Z 

-2 

♦•66180489 

125RY 

-3 

-.66384828 

125RX 

-3 

♦.26481599 

125  Z 

-2 

♦.76838745 

126RY 

-3 

-.68568933 

126RX 

-4 

-.97148760 

126  Z 

-2 

♦.79671528 

127RY 

-3 

-.76802809 

127RX 

-3 

-.45250329 

127  Z 

-2 

v. 74792722 

126RY 

-3 

-.84701058 

128RX 

-3 

-.78710416 

128  Z 

-2 

♦.59118946 

129RY 

-3 

-.87817168 

129RX 

-2 

-.10074193 

129  Z 

-2 

♦•38294418 

Glass  Bom 


pottorno  in  the  glass  pans  for  and  My 
*  air  load  are  shown  on  page  16$.  Ordinates  of 
diagrams  are  drawn  slanting  upward  and  to  the  loft  when 
Mate  client  bending  aonsnts  are  positive  if  tension  li 
outside  fiber  (relative  to  glider). 

plate  •1**nts  for  a  unifora  air  lo< 
in  the  +  z -direct ion  are  presented  on  page  16?. 

To  obtain  glass  bending  accents  for  the  boost  ultiMite  i 
10.5  P«i,  multiply  by  2.442.  Glass  bending  stress  is  H 
Qlass  rebate  bending  stress  is  2.085  x  gl£fs  bendin*  sti 


Moments  here  result  fro*  airload 
being  applied  in  the  +z  direction, 
i.e.  toward  the  reader. 

Positive  acaents  result  in  tension  in 
the  glass  on  the  side  toward  the 
reader. 


FIGURE  51 
MOMENT  DIAGRAMS 
Pinned  Case  -  Airload  ■ 
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r3S,S  2 ~  = 

Rebat*  stress  -  2. 085  x  glass  stress 
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HOURS  52 

M0MHS1*  Mjf  AND  My  ~  IN.LBS/lN. 
Pinned  Case  -  Airload  ■  4.3  iAjs/in** 


Shear  Victor  Away  ^ 
Froa  Reader 

Shear  Vector  Toward 
Reader 


FIGURE  53 

OOT-OF-PIANE  SHEAR  ON  PIATE  ELFMENT 
Pinntd  Case  -  Airload  -  4.3  Lb»/lnS 


Qlass  Torsion 


Torsion  moment  Mj~  for  plate  elements  when  subjected  to  a  uniform  net 
air  load  of  iw3  psi  in  the  +  z-direction  is  shown  along  with  the  sign 
convention  for  torsion  moment*  To  obtain  glass  torsion  moments  for 
the  boost  ultimate  net  pressure  of  10.5  psi,  multiply  by  2.14*2.  Glass 
shear  stress  due  to  torsion  is  ll*.2  x  glass  torsion  moment. 


1  *j 

S3 

rL- 

- . FT 

u 

-“20  -n 

Window  Frame  Bonding  Moment  and  Shear 

Bending  moments  and  shears  in  the  side  window  frame  for  lw3  psi  net  air 
load  acting  outward  on  the  window  are  shown  together  with  the  moment  and 
shear  sign  convention,  Maximum  bending  moments  and  shears,  occurting 
during  booso  when  a  net  air  load  of  10.5  psi  boost  is  applied  to  the  window, 
may  be  obtained  by  multiplying  by  2. 1*1*2. 


+V 

{Sbra?) 


Z 
+! 

(Shear) 


Mcraent) 


Rode  "b"  is  always  counterclockwise  around  the  fraae  fret*  node  "a". 
Bending  Momenta  are  written  at  nodea. 

Shear  la  written  between  nodea. 
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I  P«|ie  v*ra  blank,  th&rafor©  not 


FIGURE  55 

WINDOW  FRAME  8 HEAR  AND  BENDING  MOMENT 
Plnnod  Cast  -  Airload  -  4.3  Lbs/in2 


Seal  Loads 

The  seal  and  seal  spring  stiffness  Is  simulated  by  the  spar  elements  as 
discussed  on  page  11*2  .  The  axial  loads  In  the  spar  elements  represent 
the  load  transferred  from  the  glass  to  the  frame . 

Spar  element  axial  loads  are  tubulated  below.  Axial  load  In  a  spar  Is 
positive  when  the  spar  Is  subjected  to  tension.  See  page  11*3  for  a 
pictorial  representation  of  the  spar  element. 

Spar  Node 
Numbers 

Axial 

Load 

TABLE  5  Spar  Node 
Numbers 

Axial 

Load 

1-201 

16.5 

86-286 

58.5 

2-202 

19.2 

87-287 

64.7 

3-203 

19.8 

96-29 6 

67.2 

4-204 

24.9 

97-297 

72.7 

8-208 

26.3 

106-306 

67.2 

9-209 

26.5 

107-307 

68.7 

13-213 

28.6 

114-314 

69.7 

14-214 

23.0 

115-315 

51.6 

20-220 

22.6 

122-322 

58.9 

21-221 

21.8 

123-323 

23.2 

26-226 

21.8 

124-324 

U.7 

27-227 

22.4 

125-325 

19.2 

32-232 

21.8 

126-326 

15.1 

33-233 

23.1 

127-327 

0 

38-238 

23.4 

128-328 

2.1 

39-239 

27.1 

129-329 

29.4 

46-246 

25.2 

47-247 

27.2 

52-252 

30.5 

53-253 

34.1 

60-260 

34.2 

61-261 

39.6 

68-268 

39.5 

69-269 

46.1 

76-276 

49.7 

77-277 

55.4 
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STRESS  AHALY8IS 


FRAME  SECTION 


fhr  fraae  section  is  not  stress  critical  but  ie  deflection  critical.  Tin 

deflections  can  lead  to  high  stresses  in  the  glass.  The 
3' ii.  1?Chidi?*t®r  fnm  c leaping  bolts  in  Class  I  holes  do  not  develop 
sufficient  -Action  between  the  frame  elements  to  prevent  unvanted  shear 
slippage .  The  internal  fraae  elements  are  riveted  together  vith  l/h  inch 
diameter  Rene  4l  rivets  to  provide  shear  continuity. 


Slippage  will  occur  at 
these  faces  when  friction 
forces  are  exceeded. 


\  -  ' —  [  // f  A  ^ _  Shaded  Area  Moment  of 

rJl  —  ' — - - — — I  Inertia: 

MI  =  1/12(.50)(1.42)3 

=  .1193  in4 

The  3/l6  inch  diaaeter  c leaping  bolts  and  counterbores  for  the  l/k  inch 
diueter  rijets  reduce  the  stiffness  of  the  fraae  section  by  W.  The  flanj 
(outer  fairing  and  inner  back-up  strip)  are  only  partially  effective  in 
bending  because  of  the  Class  I  holes.  Using  the  effectiveness  based  on 
flange  friction  with  bolts  torqued  to  20-25  inch-pound  torque  (700  pounds/ 
bolt)  and  /t  ■  .40  gives  an  increase  in  stiffness  of  25^. 

FTHAL  FRAME  MOMElfT  OF  DTERTIA 

I  ■  .1193  *  .96  x  1.25  ■  .1432  inch4  (Computer  Analysis  used  .1397) 
FRAME  TORSIONAL  STIFFNESS 

T  -  •  fi6  ■»  r>£  b  (.  b4  .  k 


STRESS  ANALYSIS  (Continued) 


/ 


GLASS  SECTION 

The  high  stress  condition  for  the  center  of  the  glass  occurs  vben  the  glass 
edges  are  supported  on  knife  edges,  l.e.  pinned  case. 

Using  the  results  from  the  digital  solution  the  critical  stress  eloaent  at 
the  plate  center  is  102-101-111-110. 

For  4.3  psi  outward  acting  this  plate  element  has  the  ollovlng  stresses,  frost 
the  digital  solution: 

-  1191.4  psi 

(T^  -  -75.4  psi 

Tip  ■  39.6  p»i 

Stress  elements  for  external  and  internal  surfaces: 


cxTaaMau 

voaPKcc. 

UoRMac 

View 


- > 

|  PS 

1191.4  rsi 


■75.4  FS\ 


The  principal  stresses  are  calculated: 


SUHFAC-e 

MORIW^L 

view 


TS.4PSI 


PS\ 


H%<4  PS\ 


min 

for  4.3  psi  airload 


-  |  (1191.4 


-  558  ±  635 


-  75.4)  ±J |  (1191.4  +  75.4)j2  +  39.6* 

.  +  ^93  \  ** 

-  77  I 


STRESS  ANALYSIS  (Continued) 
GLASS  SECTION  (Continued) 

For  10.5  psi  airload: 

-  5800  pti 

Allowable 
In  Bending 


Examine  the  stress  In  the  rebate  -  pinned  boundary. 

The  shear  to  rebate  is  maximum  at  elements  -97-107 

2  beams 


-  48.47  x  2.442  -  ll8.4#/in  for  10. 5  psi 
The  bending  stress,  using  a  stress  concentration  factor  of  1.2,  is 
-  ua.4  X  6  X  1.2  _  _ _ 


Realistically,  the  force  V  will  act  at  2/3  of  1.02  or  .68  inch 
2 

*  3  x  **209  "  2803  psi  (does  not  include  installation  stress) 

It  is  noted  that  rebate  is  critical  since  installation  stresses  are  largest 
in  the  rebate  area  and  are  unknown. 


APPENDIX  II  * 


WINDOW  SEAL  AND  SPRING  TESTS 


II.  WINDOW  SEAL  AND  SPRING  TESTS 


PURPOSE 

The  puiTpose  of  these  tests  vac  to  obtain  stress  relaxation  and  load-deflection 
data  for  one  window  seal  configuration. 

TEST  SPECIMENS 

Test^l;  Two  foil-jacketed  "Haste Hoy -X"  mesh  seals  (per  Drawing  25-86201-1 ^ 

*1  »Pnn«  (percrswlng  25-83879-1)" 

SSfiSST  "HMteU<*-r  -*  "<a>  th«*  *»-»•  * 

§££•&  ^-83879)y"X  **“  ^  n°  »**’  three  lncte“  ln 

INSTRUMENTATION 

“!f*  ““ured  **  recording  the  mount  of  bead  travel  on 
xne  universal  test  Machine. 

■easured  chronel -alunel  theraocouples  spot 

welded  to  the  test  specimen  as  shown  in  Figure  56  page  182. 

TEST  SETUP 

"***  in8taU*d  in  a  120,000-pound  Baldwin-Lima-Hamilton 
s^ci!£^  *  r  FigureB56*  57  “d  58  for  the  test  setup  of  each 


TEST  PROCEDURE  AND  RESULTS 


£estl:  The  seal  specimen  was  ccopressed  at  root*  temperature  to  a  load 
°f  90  pounds  and  a  thickness  of  0.28  Inch  was  recorded.  The  load  was 
then  increased  to  105  pounds  and  a  thickness  of  0.27  inch  was  recorded. 

The  load  was  again  increased  to  220  pounds  and  a  thickness  of  0.22  inch 
was  recorded.  The  specimen  was  unloaded  and  then  compressed  again  to  a 
thickness  °f  0.22  inch  under  a  load,  of  225  pounds  (refer  to  Figures  60 

6l»  The  heat  cycle  was  then  applied  per  Figure  59  •  The  seal  thick- 
was  held  constant  and  load  decay  was  continuously  recorded  during  the 

.  *  vfyclj9  (refer  to  Figure  6l).  Load  and  heat  were  removed  and  the  seal 
thickness  measured  was  0.24  inch. 
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FIGURE  56  TEST  SETUP  -  TEST  1 


TEST  MACHINE 


T/C  lj"  FROM  EITHER  END 
„  OP  PLATE 

RENE  41  PUTS 

SEAL 

SIMULATED  QUARTZ  WINDOW 

SEAL 

SPRING 

RENE  41  PUTS 

T/C  1$"  FROM  EITHER  END 
OF  PLATE 


HEATER  ASSEMBLE 
(ALL  AROUND) 


I 


FIGURE  57  TEST  SETUP  -  TEST  2 


TEST  MACHINE 

RENE  U  PLATE 
SEAL 

RENE  U  PLATE 

T/C  1$"  FROM  EITHER  END 
OF  PUTS 


HEATER  ASSEMBLI 
(ALL  AROUND) 


ill 


FIGURE  60  WINDOW  SEAL  AND  SPRING  TES 


INCHES 


MINUTES 


S&MUKI] 


FIGURE  62  WINDOW  SEAL  AND  SPRING  TEST  -  TEST  2 
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TOTAL  SHIM  THICKNESS  -  INCHES 


TEST  PROCEDURE  AND  RESUI/PS  (Continued) 

Test  2;  The  seal  specimen  was  compressed  at  room  temperature  to  a  thickness 
of  0.11  inch  at  a  load  of  228  pounds.  The  load  decayed  to  210  pounds  before 
heat  was  applied  (see  Figure  62  .  With  the  thickness  held  constant  at 
0.11  inch,  a  heat  cycle  was  applied  (refer  to  Figure  $9 )  and  load  decay 
continuously  recorded  (refer  to  Figure  63  •  After  15  minutes  at  l600°F 
temperature,  the  load  was  reduced  to  0  pounds  and  then  reapplied  until  the 
seal  thickness  was  0.11  inch .  The  load  was  again  reduced  to  0  pounds  when 
the  heat  cycle  reached  800*F.  The  load  was  reapplied  until  the  specimen 
was  0.11  inch  thick  again  and  the  heat  cycle  was  completed.  Seal  thickness 
after  the  load  and  heat  were  removed  was  0.11  inch. 

TestJJ:  The  test  specimen  was  compressed  at  room  temperature  to  a  thickness 
of  0.11  inch  and  a  load -deflection  curve  was  recorded  (refer  to  Figure  6U )  • 

CONCLUSION 

Similar  load-deflection  data  were  obtained  for  all  specimens  at  room  tempera¬ 
ture  . 


APPENDIX  III 

TEST  DATA  SEDUCTION  METHODS 
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III.  TEST  DATA  REDUCTION  METHODS 
VERTICAL  DEFLECTION  COMPARISON 

Test  data  and  analytic  data  wars  adjusted  to  the  same  reference 
for  comparison  as  follows: 

1.  TEST  DATA 

The  vertical  deflections  were  corrected  for  rigid  body 
rotation. 


^corrected  =  V  *  VD  *  Rxx(7)  +  Ryy® 

V  =  Vertical  deflection  data  -  Inches 

VD  =  Vertical  deflection  at  point  D  (DD6)  -  Inches 

„  DA6  -  DB6  _  . 


Rxx  •  l57B!T~  Inches/Inch 

dd6  - 

K  -  _  2  -  Inches/Inch 

yy  19151 

X  =  X-Distance  from  point  D  -  Inches 
Y  =  Y-Distance  from  point  D  -  Inches 

2.  ANALYTIC  DATA 

The  vertical  deflection  at  the  node  was  corrected  to  the 
deflection  gage. 


Vz  =  Vertical  deflection  from  analysis  -  Inches 
R  =  Rotation  -  Inches/Inch  (see  page  ) 
d  = 'biitance  from  node  to  point  -  Inches 


DMUCCTIOW 

GAGE 


' 

which  is  then  corrected  for  rigid  body  movement 


^corrected  “  V  "  VD  +  Rxx(?)  +  R„® 

V  =  Vertical  deflection  at  gage  -  Inches 

V  =  Vertical  deflection  at  gage  (point  D)  -  Inches 

V  -  V 

„  A  VB  ,  , 

R*x  -  irar  - Inchea 


V  -  VA  +  VB 

R  =  D  — - - 

yy  2 

19TB1 


-  Inches 


X»Y  =  X—  and  Y— Distance  from  point  D  —  Inches 


•  • 


ROTATION  COMPARISON 

Teat  data  and  analytic  data  were  adjusted  to  the  same  reference 
for  comparison  as  follows: 


1.  TEST  DATA 

From  D.  and  D-  find  R 


frame 


Radians 


'frame 


which  is  then  corrected  for  rigid  body  rotation 


P.ADIANS 


frame  corr 


frame 


RADIANS 


DD6  -  (DA6+DB6) 


*  RADIANS 


ANALYTIC  DATA 

From  Rx  and  Ry  analysis  data  find 

determine  R.  . 

frame 


components  to 


RADIANS 


frame 


fj 


i 


Ml 


THERMAL  DEFLECTION  COMPARISON 

Test  data  and  analytic  data  were  adjusted  to  the  same  reference 
for  comparison  as  follows: 

1.  TEST  DATA 

The  vertical  deflections  were  corrected  for  rigid  body 
rotation.  See  page  19*>  • 


ANALYTIC  DATA 

The  vertical  deflections  were  calculated  based  on  the 
assumption  that  the  window  frame  assumes  a  spherical 
shape  of  radius  d/ATo£. 

d  =  Frame  depth  -  Inches 
AT  =  Frame  depth  temperature  gradient  -  °JF 
o C  =  Coefficient  of  thermal  expansion  of  Rene'  4l. 
Inch/Incli/°F 

With  points  A,  B  and  D  fixed  at  Z  =  0,  determind  Z 

c 

and  Z  from  the  equation  of  a  sphere: 

Lj 

(X  -  h)2  +  (Y  -  k)2  +  (Z  -  l)2  =  R2 
where  (h,k,l)  is  the  center  of  the  sphere. 
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GLASS  THERMAL  CURVATURE  COMPARISON 

The  allowable  bending  of  the  glass  was  compared  with  the 
extrapolated  thermal  deflection  analysis  assuming  rigid  seals 
and  a  spherical  shape  as  follows: 

1.  ALIXJWABLE  BENDING  OF  THE  GLASS 

The  allowable  radius  of  curvature  of  the  glass 

R  =  ~jjr  =  588.  Inches 

C  =  .325  Inches  (half  the  thickness  of  the  glass) 

E  i-  10.5  x  10  PSI  (modulus'  of  elasticity) 
f  =  5800#  PSI  (allowable  bending  stress) 

and  the  allowable  frame  temperature  gradient  (At)  was 
calculated 

A  T  =  d/RO(  =  344  °F 

d  =1.62  Inches  (frame  depth) 

R  =  588.  Inches  (radius  of  curvature) 

=  8*  x  10  Inches/ Inch/°F  (coeff.  of  expansion) 

(Rene'  4l) 

The  glass  vertical  deflection  along  the  X-axis  was 
calculated  from  the  equation  of  a  sphere.  See  figure  1*2 
page  128  • 

2.  TEST  DATA  AT  FAILURE 

Tho  frame  depth  temperature  gradient  ( &T )  =  757  °F 
at  the  time  of  failure  with  a  resultant  radius  of 
curvature 

R  =  d^(AT  =  289.  Inches 

d  =  1,62  Inches  (frame  depth) 

AT  =  757  °F 

oC  =  7; 4  x  10  ^  Inches/Inch/°F  (coeff,  of 
expansion  -  Rene’  4l) 

The  glass  vertical  deflection  along  the  X-axis  was 
calculated  from  the  equation  of  a  sphere.  See  figure  1*2 
page  128, 
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APPENDIX  IV 

TEST  SPECIMEN  DRAWING  LIST 
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25-86200-1 
WINDOW  INSTL. 


25-86200-3 
WINDOW  ASSY 


25-83879 

SPRING  ASSY 


25-83862 
BACK-UP  STRIP 


25-86201 
WINDOW 


25-86203 

SEAL 


25-86204 

RETAINER 


25-86200-2 

FAIRING 


29-82662 
BEARING  BLK 


25-86202 
CAB  FRAME  ASSY 


29-826 72 
PIVOT 


29-82674 

SLEEVE 


29-82678 

SLEEVE 


29-83203 
SHIM 


26-81761 
WASHER 


25-8 6200-4 
SPACER  ASSY 


25-83879 
SPRING  ASSY 


25-83861 

SPACER 


25-33862 
BACK-UP  STRIP 


25-86203 

SEAL 


25-83860 

SPACER 


Pfrerioua  pagte  were  blank,  therefore  not  filmed. 
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FIGURE  67  PHYSICAL  PROPERTIES  (CONTINUED) 

THERMAL  PROPERTIES 
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FIGURE  57  PHYSICAL  PROPERTIES  (CONTINUED) 

IASIC  MECHANICAL  PROPERTIES 

,ENE'  4'  (#MS  7‘W'  WS  7'W'  ,MS  7-"»-  *«  7-««  SHEET,  PUTE,  BAR  AND  FORGINGS 

SOLUTiON^HEAT  TREATED  AT  1975*F  WATER  QUENCHED;  AGED  AT  1650*F  FOR 
1  HOUR,  AIR  COOLED;  AGED  AT  J400*F  FOR  10  HOURS,  AIR  COOLED 

PRIOR  ENVIRONMENTAL  CONDITIONING:  CONDITION  A  (ALL  CYCLIC  CONDITIONS) 


TEST  CONDITION:  .2  HOUR  EXPOSURE 


STRAIN  RATE:  .002-.005  IN./lN./MIN 
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FUSED  SILICA 


GENERAL  NOTES 

Fused  illlco  It  on  extremely  pure  100%  510?  glow.  The 
2890 *F  left  •fling  point  li  trio  highest  temperature  capa¬ 
bility  of  olS  the  materials  commonly  considered  for  cl^ 
craft  glazing. 


MANUFACTURING  FROCESSES 

Regular  glats  cutting  methods  may  be  used  to  cut  this 
material . 


PROCUREMENT  INFORMATION 

Fused  silica  produced  by  Coming  Glass  Works  Is  desig¬ 
nated  No.  7940  and  Is  manufactured  In  Industrial, 
optical,  and  ultrasonic  grades.  It  Is  available  In  dla- 
meters  up  to  60  Inches.  Mces  listed  are  typical  for  the 
optics',  grade. 


THICKNESS 
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FIG  68  PHYSICAL  PROPERTIES 
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FIGURE  68  PHYSICAL  PROPERTIES  (CONTINUED) 


FUSED  SILICA »  LOW  AND  ELEVATED  TEMPERATURE 


INEAR  THERMAL  EXPANSION 


Linear  Thermal  Expansion,  Percent 
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FIGURE  68  PHYSICAL  PROPERTIES  (CONTINUED) 


FUSED  SILICA.  ROOM  AND  ELEVATED  TEMPERATURE  THERMAL  CONDUCTIVITY 
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FIGURE  68  PHYSICAL  PROPERTIES  (CONTINUED) 


SPECIFIC  HEAT 

FUSED  SILICA  GLASS  (CORNING  GLASS  WORKS  NO.  7940) 


PRIOR  ENVIRONMENTAL  CONDITIONING:  NONE 


TfHiTHH 


jUqj 


uulu 


no,  68  PHYSICAL  PHOPEstm  (DTWTIMiID) 


TOTAL  NOPMAl  EMmANCE 

TUIE0  SiUCA  GLASS  (COINING  GlAU  WOftKS  NO,  PWfl 

MA1£*I*L  ANO  COATING  PH  SOU*  CL  CQNTtQt  0SAWJNG  HJ^BlOQl 

PfcKW  ENVIRONMENTAL  CONDITIONING,  NONE 


f^lLLIWNAAV  OtSlGN  ALIQWA&US 


CONG.  7  , SO  THICK 


Tihcu  m*  property  cumi, 

thmf  ihovld  Ik*  odjwu**  finical  | Y 
pLvi  m  ralnu*  10  p*R*n>  In  o  tfppctEan 

EtmiaraTlv*  l«  rh»  particular  appUeatren 


mum 

lltvili 

ft 

m 

ffl 

♦  3  .71 

(-.MIMIC 

X 

4 


Fia,  69  mechanical  properties 


•ASIC  MECHANICAL  PROPERTIES 


FUSED  SILICA  GLASS  (CORNING  GLASS  WORKS  NO.  7940) 

MATERIAL  PER  SOURCE  CONTROL  DRAWING  10-01001 

PRIOR  ENVIRONMENTAL  CONDITIONING!  NONE 
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